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'1 he foUuwinj; pages are luteuiled to aiipplj a want long tult by 
amiiteur mechnnios iif u handy book on the various operations of 
the workshop. The only work of tho kind which iuulades 
manipuiatiou in wood and metat is that by Uoltzaiifiel, io three 
oxpenaivc volumes, a work of immeasurable value, to which not only 
the writer of the present treatise, but all who have of lute years 
attempted similar productions, are infinitely indebted. The scope, 
however, of tho above is almost of necessity too extensive, as the 
whole is too costly for the purposes of tho general amateur. It was, 
indeed, designed as an introduction to a comprehensive work ou the 
lathe, aud though i^ a maoner complete in itself, it is yet evidently 
arranged with that ultimate object in view. Henoe there appears 
to be still room for some such concise treatise as is now offered to 
the amateur; and it is hoped that the following "Hints" (for it 
pretends to .Ijltie <nr.rej may .ludi.)') to render more easy those 
manifold aud varied operations carried ou with more or less succcsa 
iu tbo workshop of tlio aiuat^ui mechanic. 
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THE AMATEUR MECHANIC'S 
WORKSHOP. 



" /^LD FIIjE " need hardly inform tie readers of these 
\J pagea that he haa long occupied a place at the bench, 
and has, in spite of certaia aspeiities of his niiture, been received 
with aU honour into every workshop in the three kingtioma, and 
fer enough beyond their confinea. Being of a. praotieal turn of 
mind and naturally sharp, and of temper irreproachable, he has been 
allowed an insight into various mechanical operatious, and haa 
noted down his observations. Overhauling these notes, he finds 
that they would have supplied answers to at least half the queries 
addressed to the editors of our mechanical and engineering 
periodicals, and as the present state of his teeth remind 
him that he mast soon become a useless old fellow, he hiw 
determined while there is life in him, to publish his " Anno- 
tations " and " Reflections " in the form of " Hints to Amateurs 
on the general Operations of the Workshop." The design 
ia not indeed " pretentions," and as to criticism of style or matter, 
"Old File" need only repeat that his skin is hard, and almost im- 
permeable, while his temper, in common parlance, leaves nothing to 
be desired. " Old File " has made his bow. 

The amateur mechanic is certaiuly of the order composite ; his 
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trade absolutely i ml e6 II able. Blacksmith and carprn ter, turner ai 
miBfitter,* he has to acquii'e a vast amount of practical skill, «it 
out the advantages of a regular apprenticeship. The wonder is 
that he sometimes fails, but'rather tbat be ever succeeds in tumii 
out even decent work. Nevertheless, that he does so is beyoi 
question, not indeed always, nor perhaps generally, but " Old Pile ' 
himself has seen such work as would shame many a 
executed by men whose birth and education, mind, body, 
estate, entirely precluded the necessity of applying their right bai 
to the workman's hammer. And "Old File" set himself to inquii 
the character of these successful amateurs, that ho might learn, 
possible, the origin of their success. The result of his inquirii 
may be written in three words — "patient," "persevering," "iaU 

The amateur in general lacks one at least of the above qnalific 
tions, most commonly the first. He ia in such a hurry to drive tl 
latl nail, or to enter the latt screw, that he splits his wood with tl 
first, crosses the thread of the other, and spoils the whole concern. 
A good workman never hurries, nor again does he begin a piet 
work without having first conned the details, aud with pencil 
compasBeesketched his design in its completeness. I have^eea 
example, an amateur working at a model engine, without havinfi 
even decided whether be should make it vertical, horizontal, beam^ 
or oscillating ; and as to such details as the form of guide to thi 
piston, lap of vnlve, or radius of eccentric — all tbat and much mo 
was supposed to come of itself at the required time. Let it 1 
stated (as a secret, mind) that after divers alterations of design tl 
component parts of the above still lie in a drawer in company wil 
many similac failure.i, and will eveutiiully find a place in " Oi 
Subscribers' Ebccbange Clnb." 

First of all, therefore, decide upon what you intend to do, co 
aider if possible at the onset all details of the model or other wor 
and set about the same with the utmost deliber^ttion, not carii 



* " Old FQb'b " notai being bloired, it il poaaible that the £nt ajllabie «t 
thin wrjid U on iaterpoUliDD, 
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whetber it may coat yoa a week's labour or a month's, so long as 
the end shall prove Hatiafactory, 

Again, there are several -ways of setting ahont your work, and 
some consideration is requisite to determine where to begin, and the 
best and straightest course to the desired end. Here, no less than 
in the actnal use of the tools, is needed the third qualification — 
** intelligence." 

Beware of desultory methods of work — such as cutting a screw 
or two to-day, because you feel in a humour for it, toying with the 
file to-morrow upon some unimportant part which cannot yet he 
fitted because its appointed place is not prepared for it, and so forth ; 
if not in a humour for steady application and painstaking labour 
at the work bench, leave it alone, for Jon are sure to waste your 
time, and make bad work. One great secret indeed of the profes- 
sional mechanic's success, is the absolute necessity he lies under of 
making the most of his time and of the meaus and appliances within 
his reach. Thus, while practically acknowledging the truth of that 
wise saw, " The more haste the worse speed," he is careful not to 
waste the precious working hours of life by desultory and ill-advised 
efforts. He does the right thing in the right way deliberately, yet 
with sufficient speed to produce the fair remuneration of the intel- 
ligent aod accomplished artisan. 



THE FOUNDRY. 



It is not our intention to enter into a detailed description of the 
I »rt of casting metals, but only to give the reader a sufficient insight 
into the process to enable him to make his own patterns, and 
I thereby save considerable expense. It is not pleasant, after much 
t time and labour have been expended upon the wooden model, to 
[ hear the decision of the founder that it is quite impossible to 
[ mould and cast it in metal. Yet nothing is more common, and 
Utile cherished pattern has frequently to be cast aside, and replaced 
b2 




4 THB AHATEDB HBCHAKKTS VOKESaOP. 

bj one of totally diSerent construction. The principle 
is very simple — a landel of the required woifc ia laid i 
loam, and being afterwards removed, ieares its imjiresa in the samci, 
into which the melted metal ia poured, and thus caused to usnme 
the exact form of the pattern. The box or case which holda the 
sand is called a flask, and con.sistA genei-ally of two, and not att- 
freqnently of many parts. TTiese flusks are sonictimea made at 
Tood, but more osually of cast iron, the commi.'ii form being thaki 




of a square or oblong bos without top or bott-om, and * 
jecting lugs and pins, so that when two or mope are requtrcil i' 
combination, they may be readily fitted together alwiijs i 
aune relative pfeition. The first figure represents a pair of snd 
flasks separated, the second shows the same united and additional 
nciii<ed by a screw clainp. Suppose it to be required t 
^av— an irun cannon ball, for instance. The pattern 
been made in wood or other suitable material can of course be e 
embedded in a single flask of sand, bat as soon as you attempt V 
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■withdraw it, you neeeaaflrily break down the matrix. But by 
taking a double flask as in the figure, and merely embedding half 
the ball in the lower one. levelling the surface of the aand precisely 
on the diametrical line, and doing the same with the upper one, 
you can, by afterwards parting the flasks on the same lioe, remove 
the pattern, the impress of which will consequently remain half 
in the one and half in the other, and when, by means of the luga 
end pina, the flasks have been reunited, you will have a pei-fectly 
Bpherical cavity to be filled by m&ioa of a channel or runner left 
for that purpose. The actual details of this operation will be noted 
presently. 

In Fig. 3 is shown a row of patteras of various aeotions ; A ii 
supposed to be the level of the upper suifaoe of the top flask. B 




tbe line of parting being the upper surface of the lower flask 

and C the bottom of the same I and 2 might he compkti.ly in 

' the lower flask ; 3 bemg supposed to be a cone with its apex 

towards the left, might be placed as shown or enibedi'ed with the 

point downwards; 4 being a cylinder may be placed vertically, 

u the figure i but 5, representing a hollow box or cup, must 

ftof ueoesaity lie aa shown, for it is evident that if it were inverted 

)r laid on its side it could not be removed without breaking down 

^e sand. The latter is a hollowed work said to deliver its own 

), bat the majority of such patterns — a hollow cylinder, for 

a,nee, with fttvnges tike that of a steam engine — would have to 

3 altogether differently arranged, requiring a pattern with prints 

1 they are called, and in addition a core box, the uatwe of which 

11 be now exjtlaiued. 



CORED WORK. 

Let it be required to cast k t^liuder of the fonn ahovn in 
Tig. 4 — • pfcttern torned ttoOow like tLe fioiflheil work moBb 
cTidentl; break down the ss&d, tnm it which way ^ou please in . 
the flask- If placed vertically the fldoges will prevent it from 
dalivering — if laid horizontallf the interior will not be moulded ; 






hence a different Brrangeineni ia needet]. The pattern must bej 
turned as a colid cylinder wilh iis outside flanges complete, but in * 
plwKi of a,ho1]ow intericT, two projecting pieces A (Fig. 5) are left, 
called prinis. Tlicse are of a diameter ri:'gulat«d by tbe intended 
thickness of metal, as will he nndirstooil by referring to Fig. 7. 



If luoh a pattom is Inid in the sand of the lower flask as far as its | 
Kxial line A B ( Fig. 6) the prints will leave indentations, ia which, 
roaohing aorosa from one to the other, the core will lie, and round | 
it the poured metal will run. This core ia shown at A (Fig. 7), 
whoi-e the space for tho metal is left white.* It ia made of sand 

• In DiB ajtiiro tho flangM should bs left white, tbs onro being ojUnprioat 
ud T«[)r(iaiit>d bj tba otuiral puU A A, Mid tbe proieotjug ends. 
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loam, OP a mixture of the two rammed tightly into a core hox 
such as Fig. 8, The latter ia sawn through and fitted together 
with guidea or steady pina, after which a screw clamp is fixed 
round it. When the core ia tolerably dry the box is 0)>ened and 
the ooutauts further dried and then baked, the result buing in the 




f 



present case a solid cylinder. Of course both core box and prints 
may be of any desired form aooiirding to the renuirements of the 
object to be caat. It frequently happens that the pattern by being 
made in two or more parts may be ao contrived aa to diapenae 
with the necessity of cores and core boxes ; which latter are aome- 
timea, from peculiaritica in the form of the casting required, very 
difficult to make properly. In other cases also of undercut and 
complex work, divisible patterns are needed, although no true 
cores are requisite. 

The following, taken from Holtzapfiel's " Mechanical Manipula- 
tion," forma the best possible illustration of a two-part pattern, 
and also the method of atranglng a false core requiring no core 
box to be specially constructed for its formation, 

The pattern, of which half ia shaded to show distinctly the two 
separate parts, is that of a large pulley or sheave, and it is evident 
that Buch a pattern could not be removed unless some such ar- 
raugomeat as that described were made use of. The Hask A, 
being placed on a board, ia filled with sand and the pattern im- 
bedded in it. The sand is then carefully removed to the line 
a, aad being amoothed is dusted with brick dust or other fine i>nd 
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ihy parting matei'ial. Thia us Hlwaya done when the mould will 
reqiiit-e to be separated at any giveu part, as the two portions are 
thus prevented from sticking together, ^ome moi-e sand is then 
thrown in and rammed tolei-alily hard to the level of 6. This 
forma a rind of false core, and is now itself well dusted and lastly 
covered by the remaining sand a runner or channel having beea 
arranged to guide the fluid metal To remove the pattern, B ia 
lifted off, and the sand will part on the line b, above the false core, 
and as no part of the pattern that is undercut is baried, and the 
ujiper half of the pattern its<>lf 3e])arate8 £i im the lower, it may 
be removed. The flask is then replaced a board laid upon it and 







the whole rerersed, when upan bemg opened the remaining half 
pattern can be similarly removed The runner is then carefully 
made to form a branch n ith the other, the second board added, 
and the whole clamped together and Bet on end ready for pouring. 
Another method of forming a core is sometimes practised in 
which the pattern itself may be made to take the place of the 
box. This IS done when the mould is not quite such as to deliver 
its own core, but of so simple a character as not to need 
prints. In this case the ^and la rammed into the jiattern, which 
is itself hollow when the finished work is intended so to be. Tha 
whole being then moulded as a solid work, the sand i^ pushed out 
of the hole and placed in position In casting cup chucks for the 
lathe where two holes are eventually re quired of different diameters 
it is evident that either these holes may be made as one and a core 
made of the form shown iu Fig. 10 by lueaos of a box hored out 
to a simUai' shape, or two distinct cores musi be made. Ti 
easily avoided by purBuiug a somewhat different process. The 
pattern is to be made exactly like the finished chuck, taking caro 
that the hole which will have to be bored and tapped to fit the 
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mandril ia ft go"d defti emalltr tban the latter. A piece of soft 
brick ia then to ba filed up round as a ahoit cylinder and fitted into 
the small end of the pattem fi-oni which it [irojects an iuch. The 
wliole ia then to be placed aa ahown in Fig. 1 1, where this brick 
core is blackened. The lower and lai'gei' hollow will thus, if the 
latter is sliglitly tapered, deliver ita own core, and after the flaska 
are parted and the pattern removed, the brick core ia arranged in 
the place marked by its own print. 

In making woodon patterns for moulding, let all ebaip aaglua 
be ftioiJed, and the various edges rounded off by the application 
of sandpaper. When the whole la smooth, blacklead and polish 




every part You will find your account in tiia by the beautiful 
surface of the casting, especially if it be in brass or gun metal, as 
the former especially is often left in its rough state and dipped in 
acids instead of being turned or filed up bright, and when some 
parts are so turned and burnished and the rest dipped, the appear- 
ance ia very beautiful, as seen in the varied and exquisite specimens 
of such work produced at Birmingham and elsewhere. In addition 
to the above precaution the patterns should always if possible 
taper slightly, to facilitate removal from the eand. Fig. 12 shows 
the pattern of chuck already alluded to, thus tapered inside and 
out, the taper exaggerated however, that it may be more distinctly 
noticed. The flasks in Fig. 11 would of course have to be 
inverted in pouring, else the core would fall from its place. 
Where possible however, the flasks are stood on end, and the 
moulds filled by runners or channels connected with the opeuiugs 
in these iron boxes seen in Fig. 1 of this seriei. There are a vast 
number of practices relative to moulding and pouring large 
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castings vbich would be out of place hare, but a visit to any good 
fuuiidry is liigbly iater««ting and will give many a hiot to the 
amatfiur, wliile the pouring some work of real magnitude is a 
•ight worth any troubla Among the " Notes and Queries " ot 
thu " English Mechanic" has been asked a question relative to 
coustructing Airnaces for small operatiooH in fouoding metal. 
There is a furnace made by Griffin and Co., of Oarrick-street, 
Guvent-gardi-'n, which is exactly suited for such work. It is 
Guiii|iact, cleanly, burning spirit for fuel, and is in fact a t&ble 
furiittoe of extraordinary power. The inventor says of it; — "It 
produces neither smoke nor soot, nor ill odours ; it is so compact 
llmt it may stand on a tea-tray while melting eighty ounces of 
iron, and it requires no chimney. The guinea furnace will melt 
a pound of cast iron in twenty-live minutes at a cost of 3d, for 
oil, The guinea and a-half fiiinace will melt in sixty minutes 
Qvo ]>ouuds uf iron at a coat of 9il." The following detailed 
ilutcription of this furnace and method of using it is copied from 
"OrilEn's Circular," in that wondruus catalogue and handbook, 
"Chemical Haudicroft": — 

Oil Lahf Fubkack fob Melting Metals at a White Heat. 
" Dtgcripliofi of Ota Ajijiaralvs. — The Oil Lamp Pumace is 
rcprssnntud in perapoctive by Fig. 13, and in section by Fig. 14. 
It consists of a wick holder, an oil reservoir, and a fire-clay fur- 
nuoe, To those must be added, a blowing machine for the supply 
of atmospheric air. 

" The oil reservoir ia represented at letter a. It is made of 
JHpaiinud tinplftto, mounted on iron legs, and fitted with a brasa 
utopcock and delivery tube. Its cajiacity is a little more than a 
ciuart, 1 he wick holder is represented at letter 6, and the upper 
surface of it by the separate figure c. The wick holder and the 
vil reservoir ore consequently detached, f2 is a tube which brings 
oil from the funnel e, and y is a tube to be placed in connection 
with lliu btowitig npparatus. The wick holder contains three 
oouoeutrio wioks, placed round the multiple blowpipe c, which ia in 
communioatlou with the blowing tube^ 
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"The cnioible furnace consiBts of the followiog pnrts ; — <; is an 
n tripod ; A is a flue for collecting and directing the flama 
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clay cuiie, there reiniiinB ft cliar air iii>ace of about Jm. all ruond 
Iwt.ween the wick holder and the cyliudrioal walla of the flue. » 
rejjresents a 6re-clay grate, having three tongues, obown by i, the 
BCjjarate figure of its upper surface. These tongues support the 
crucible, without stopping the rising flame. A is a fire-clay cylinder 
which rests upou the grate i, aad encloses the crucible, funning, 
in fact, the body of the furnace. Of this piece there are three 
sizes : the smallest is of Sin. bore, and works with cruciblea that 
do not exceed 2Jin, diameter ; a middle size 4in. boie, for cruciblea 
not exceeding 3Jin. diameter j the largest size, Sin. bore, for 
crucililes not exceeding i^ia. diameter. This piece, being heavy, 
is provided with handles, as represented at p. The walls of these 
cylinders ai-e frum lin. to IJin. thick. ^ is a flat plate of fire- 
clay, with a bole in the centre used to cover the cylinder i, bo as 
to act like a reverberatory dome ; m is a cover which prevents 
loss of heat from the crucible by radiation, but gives egress to the 
gaseous products of the combustion of the oil ; n is an extinguisher 
to put over the wick holder when an operation is ended ; and o is 
a support for the wick bolder. No chimney is required. 

" Management qfifie Oil Lamp Furnace. — The apparatus is to be 
arranged fur use as it is represented by Fig, 13. The cylinder k 
is to bo selected to fit the crucibles, and the ci-ucible of a size to 
Biiit the quantity of metal that is to be melted, lib. of iroa 
retiuirea the smallest of the three cylinders described above, lj:lb. 
the middle size, and 61b. the largest size. The airway between the 
crucible and the inner walla of the cylinder should never exceed 
Jin., nor be less than ^in. 

" I'he cotton wicks must be clean, and be trimmed a little below 
the lerel of the blowpipe e. If pivjperly managed they do not 
readily burn au ay, but can be used for several fusions. The reser- 
voir should be filled with oil for each operation ; the proper sort of 
oil for use is the more volatile kind of uiiiei-al oil, of the specific 
gravity of 'TSO, which in now easily procui-able at about 3s. per 
gallon. The variety known by the commercial name of turpeniine 
anawera well ; the combustion of a quart of this oil, costing nine- 
pence, gives heat sufficient to melt 61b. of cast iron. Probably the 
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Iigliter kinds of paraffin oil may be suitable, bub I have not had an 
opportunity of trying them. Liquids of the alculiol class, spirits of 
■wine, and pyroxylio spirit can be usad ; but they are leas effective 
and more expensive than tui-peiiziiie. Care must be taken not to 
Bpili the oil on the table or floor, and not to decant it carelessly in 
the neighbourhood of a light, because atmospheric air strongly 
charged with the vapour of these light oils is explosive. When the 
oil is buint in the furnace, in the manner described below, there n 
no danger. During an operation a wooden screen, an ropreeented 
by the dotted lines in Fig. 13, should be placed between the oil 
reservoir and the furnace, to prevent the vaporisation of the oil by 
radiant heat. 

" As the wick holder 6 and supply pipe rf contain only about one 
fluid ounce of oil, the oil must be run continuously, during a, fusion, 
from the reservoir a into the funnel e, in order that the cotton may 
be always flooded. The success of the fusion depends upon the due 
eupply of oil, to which point the opei-ator must pay attention. At 
the commencement of a fusion the oil must be run from the reser- 
voir until the surface of the oil in the funnel has a diameter of 
about an inch. The wicka will then he flooded, and a light may 
be applied, and a gentle blast of air then set on. The oil imme- 
diately sinks into the &nnel, and the stopcock must be opened, 
and so regulated as to keep the oil barely visible at the bottom 
of the funnel. If too much oil is supplied it immediately rises 
in the funnel, and simultaneously overflows the wick holder. Too 
much vapour is then thrown into the furnace, and the heat is 
immediately lowered, especially at the beginning of an operation, 
before the fire-clay portions of the furnace are well heated. If, 
on the contrary, too little oil is supplied, the wicks bum, and the 
operation is spoilt. The demand of the wick holder for oil depends 
upon the condition of the furnace and the character of the fosion in 
progress. When the lamp is newly lighted and the furnace cold, 
the oil should be passed slowly, in distinct drops ; but aa the 
furnace becomes hot, the rapidity of the supply of drops nhould be 
increased ; and, finally, when the furnace is at a white heat, the oil 
should be supplied in a thin continuous stream, When the tusion 
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ta be effeoted is tbat of only a amall quRotiC/ of metal, such u lib. 
of iron, r rapid HUpfily of drojut of oil is sufficient, even to the close 
of the operation. At tiint rate the burner conaumee about 1 J pint 
of oil in an hour. When the fusion to be effected ia that of 41b. 
or Slfa. of iron, and the large furnace is in action and haa been 
brought to a white heat, the supply of oil must, as fltat&i above, ba 
in a Chin continuous stream, and the operation will then consonie 
2 pints of oil in the hour. And here it requires remark that, with 
that continuous supply, when the furnace ia large and at a white 
beat, the oil does not rise in the funnel, being instautaneonslj 
converted into gas at the raoutb of the burner, and thrown up in 
that state into the furnace for combustion. The operation, indeed, 
consists, at that point, of a rapid distillation of oil gas, whicb is 
immediately burnt, in the presence of air supplied at n suitable 
pressure by a. dozen blowpipes, in efiective contsot with the onioible 
to be heated. 

" The flame produced in tliia furnace is as clear as that produced 
by an explosive mixture of air and coal gas. It is perfectly free 
from smoke, and the unconsumed vapours which occasionaJl 
escape with tlie gaseous products of the combustion are even lea 
tinpleasaut to smell and to breathe in than are those which ai'e 
usually disengaged by a bla^t gas furnace, or by an ordinary lamp 
ted with pyroxylic spirit, 

" The contents of a crucible under ignition in thii furnace can at 
any moment be i-eadily examined, it being only necessary to i"emove 
the pieces I and m with tongs, and to lift the cover of ihe crucible, 
during which the action of the furnace is not to be interrupted. 

" When the operation is finished the bkat is stopped, the stopcock 
is turned ofi', the oil reservoir is removed, the wick holder ia 
lowered on the support o, withdrawn from the furnace, and covered 
with the extinguisher n. The quantity of oil which then remains 
in the lamp is about one fluid ounce. 

"Power of the Oil Lamp Furnace. — The furnace being cold when 
an operation is commeneed, it will molt lib. of cast iron in twenty, 
five minutes, l|lb. in ihirly rainutea, 41b. in forty-five minutea- 
ftud 51b. in sixty minutes. When the furnace is hot, such fusions 
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much less time — for example, lib. of iron in fifteen 

minutes. It need scarcely be added that ^mall quantities of gold, 

idlver, copper, brass, Oermaa silver, &,<:., can bo me]t«d with great 

te, and that all the chemical prncesses that are commonly effected 

platinum and porcelain crucibles can be promptly accomplished 

the smallest cylinder of this furnace ; and in the case of platinum 

vessels, with this special advantage, that the oil gas is free from 

those sulphurous compounds, the presence of which in coal gas 

frequently causes damage to the crucibles. 

" Hequidte Mowing Power. — The size of the blowing machine 
required to develop the fusing power of this oil lamp furnace 
depends on the amount of heat required, or the weight of metal 
that is to he fused. For ordinary chemical operations with platinum 
Rnd porcelain crucibles, and even for the fusion of lib. of cast iron 
clay or ptumhago crucibles, a blowing power equal to that of a 
glassblo wet's table is sufficient, provided the blast it gives is 
oniform and constant. But the fusion of masses of iron weighing 
41b. or 51b. demands a more powerful blower, such as is commonly 
used in chemical laboratories for the supply of air to blast fumacea 
when fed by gas or coke. The highest power of the oil lamp 
furnace depends, tudeed, upon the power of the blowing machine 
that is to be used with it-. Much more than 51b. of iron can bo 
melted by the gas which this oil lamp ia capable of supplying, 
provided a sufficiently powerful blowing machine supplies tlin 
requisite quantity of air. When more than a quart of oil is to be 
rapidly distilled into gas, and the whole of the gas ia to be instantly 
burned with oxygen, it ia evident that effective work demands a 
large and prompt supply of air. 

Cost of the O'l Lamp Furnace. — As ia all practical matters of 
this sort, the coal is a main question, it may be useful to state that 
the price of this apparatus, completCj without the blowing machine, 
but including every other portion necessary for heating cniciblea 
up to the size sufficient to fuse lib. of cast iron, is oneguinea; and 
"with the extra fumace-pieces for crucibles suitable for 51b, of iron, 
or any intermedial* quantity, the cost is a guinea and a half." 
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The only drawback to the above aad similar table furnaces is the 
neoeMdtj for a pair of double bellowa srranged in cooveiiieDt form. 
This, of course, raises the estimate by the cost of socb addition. 
Brass may be melted widiont a blast in what is called an air 
fnrnace, and any reader who cao commAod a chimney in some 
nuthouse or nho can cunatruct one, may [iractifie funnding this 
tuetaL Be it known fuitber that it is not easy to manage ircm 




foanding, althongh the process is similar to that used for otha 
metals. Iron should be fused in larger quantities than require 
generally by the amateur, and then a projier fiirnace and i 
practical still are requisite to produce good effects. In point t 
fact, " Old File " has had his beat teeth destroyed by being compelled 
to perfect the form of an amateur's casting, which was pinny a 
honeycombed and full of slag ; hence he warns his brothei 
strike at once if any attempt should be made to induce them i 
perform a similar operation. The air furnace may be thus cow 
structfid. Let E (Fig. 16) be the available chimney. Dig out i 
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I'fimnt of it an ash pit D C, A being the level of the Qoai: This 
I inay be from two feet, meas»ring the length through C and D, 
I by eighteen inches ia the other direction, with an allowaBce in 
[ addition for the thickness of two brick walls. The first of these 
est to A ia to be brought up to the level of the floor. It may 
ne brick (lengthwise) in thickness, because you can then have 

the full width of a brick at the top to support B, the grating 
i Tvhioh conveys air to the furnace. The next or inner wall G ia 
[ carried np from the bottom of the ash pit to the level of the floor, 
I where the brickwork is arranged to form a resting-place on both 

sides to support the oppoaile side of the before-named grating, and 
I the firebars above D. It ia then again carried up about ten inches ■ 
I or a foot, forming the fire receptacle, whicli part ia eventually 
1 covered by a tile of iron or stone. This firegrate, which is the 




^Actual furnace, is now to be lined either with firebiick set in fireclay 
' lined with the latter, which may be obtained aa a powder 
I ireqairing only to be mixed with water. Thia lining will reduce 
I the size of the furnace to eight or nine inches diameter, which is 
I ample for any purpose. The opening into the chimney may be six 
I inches square or less. 

Such a fuma<» thus readily constructed is the most iiseliil that 
I the amateur can possess. It must be used chiefly with coke, 
I and will siifflce for brazing if the article is so arranged as not to 
I touch the fuel, which may be efi'ected by laying it upon a grating 
ire. For this and some other purposes (mechanical or 
I chemical, aa the case may he) an extra cover or rather stopper can 
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be imiiged m fruat at O. In the next Hgure the aame prmciplo 
is carried out without siaking the ash pit, the whole being bailt up 
from A, the floor level. This, however, raiBea the cover of the 
firegrate rather too high for the convenient extraction of the 
crucibles. There are numbers of portable furnaces constructed of 
iron on proaiselj the same principle, requiring only an iron chimney 
to increase the draught. These are lined with Stourbridge daj, 
and answer for many purposes of the amateur. 



FORGING. 

The operations of filing, planing, and otherwise finishing bj^ 
outtiog tools the castings obtained must give place for the preaei 
to a brief dt-scription of the method of shaping articles with thi 
hammer and the forge. 

This, be it remembered, is aa much an art as CRsting, if not 
more so, and although the smith appears to fushion articles of 
various forms with the utmost ease, and with tools that often look 
clumsy and imperfect, the amateui' will sooa find that practice and 
akill, united with a perfect knowledge of the Tiature of the material 
in which he has to work, are essential even to moderate suocess. 

The visible difference hetween cast and wrought iron is tba 
granular appearance of the former when broken, and the evidently 
fibrous condition of the other. It ia indeed this peculiarity of stnu 
ture that renders the first brittle and the other tough. A piece 
thin cost iron which has not been subjected to a process of anneal- 
ing is almost as brittle as glass, and even a bar an inch or two 
diamet£r can readily be broken in any required spot if it be fitat 
notched with a file, and then suddenly stnick with a hammer. 
There is, however, a process by which, while this brittleness ia 
only partially destroyed, the nature of cast iron may be so altered 
and improved ns to allow of its being fiied or turned with greatly 
increased facility. 

In this state it is called malleable cast iron, and ia extensively 
used in the manu&cture of lathes, sewing machines, and other 
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articles of that class. Tbe method of efiecting thia, which is after 
all a superior ktad of anaealiag proceas, is stated by Holtaapfiel 
to be aa follows, and ia introduced here, not because it is likely tlia 
amateur will himself pursue it, but rather to show how scientific 
knowledge avails in overcoming the natural defects of any material. 
It is true that some very important processes in the arts and manu- 
&ctares have originated in chance discoveries ; but even in Buoh 
cases accident baa never availed to develop and bring such dis- 
coveries to a practical result ; and he who, by patient investigation 
of cause and effect, turns such accideoti to advantage, is aa truly 
an inventor as he who by careful experiment and well-directed 
study brings to a practical conclusion some idea or'ginated in hia 
own brain. Tbe following process is evidently based upon sound 
chemical principles skilfully applied : — 

The malleable iron castings are at the opposite extreme of thtt 
scale, and are rendered extremely soft by the abstraction of their 
carbon, whereby they are nearly reduced to the condition of pure 

cable iron, but without the fibre which ia due to the ham- 
mering and rolling employed at the forge. The malleable iron 
castings are made from tbe rich Cumberland iron, and are at first as 
brittle as glass or hardened steel. They are enclosed in boxes of 
suitable size, and surrounded with pounded ironstone or some of 
tbe metallic OJcides, as the scales from the common forge, or with 
lime and various other absorbents of carbon together or separate. 
Tbe cases, which are sometimes as large as barrels, are luted, rolled 
into the ovens or furnaces, and submitted to a good heat for 
about five days, and are then allowed to cool very gradually within 
tbe farnaces. The time and other circumstances determine the 
depth of the effect Thin pieces become malleable entirely through, 
and are then readily bent and may be even slightly forged. Cast 
iron nails and tacks thvis treated admit of being clenched ; thicker 
pieces retain a central portion of cast iron, but in a softened stata 
and not so brittle as at first. On sawing them through, the skin 
or coat of soft iron is perfectly distinct from the remainder," 

It might be naturally supposed that all professional ironfounders 
must be acquainted with the process here described ; but this ia by 



20 TAB AMATRUR MRCOANIC'S W0EK8Q0P. 

no moans the case, and a country founder stopped the vriter onlj 
a few (lays since to ask information respecting thin malleuble iron, 
which he Iwlieved to be a " new iurention " henca the advice 
already given to have castiaga done at some well-eatabliahed foundry, 
even at an additional cost for carriage, is not without reason. 

It is evident from the above romavks that iron ia its ordinary 
condition aa cast metal ia uaolcsa for tho ])urpose of the smith, who 
has to shape with the hainmer and weld his work. But there is 
also another matter of impoiianco to be considered — na^nely, that 
cast iron is very fusible, while on tho other hand wrought iron, as 
it is called, which has undergone the process of puddling for ab- 
straction of its carbon, and the grains of which have by rolling 
and hammering become elongated into fibres, is almost and prac- 
tically quite infusible, burning away with omission of sparks and 
Bciutillations at a heat slightly above that i-equired foe welding, and 
at that temperature by union with the oxygen of the atmosphere 
becoming changed into an oxide. 

Confining our present remarks, therefore, to wrought iron, it 
may be stated that there is a good deal of difference in the qualities 
of different specimens. Some will weld easily and others scarcely 
at all. Some will break up under the hammer at a red heat, while 
others may be hammered till cold, and a third will work well at 
various heats, but when cold will break like cast iron, exhibiting 
a granular fracture It is not easy to aay which of such specimens 
are defective, because, as Mr. Solly has remarked, the iron which 
has one peculiarity may be excellent fur one purpose, while that 
which eshibita other conditions may be equally so for other pur- 
poses, so that iu fact all alike become available in manufactures in 
which this metal is required, and the above variations of quality 
render it even more valuable than if all specimens were precisely 

The amateur's forging operations will for the moat part be con- 
fined to small articles not requiring the use of the sledge hammer, 
and for which small rods of iron of square, oblong, or circular 
section will be required not generally larger than Jin. in diameter, 
and frequently less. 
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A Bniall portable forge, the price of which varies from SOs. to 
£5 or £6, accoi-Jing to size and finiah and power of bellows, will 
be by far more convenient for such light work than a regular forge 
built for the piirpoae, though sometiraeB, where an available out- 
house exists, the latter may be raised by the amateur himself of aoy 
rough materials at hand, the hearth aloue requjriug to be made of 
firebrick. A small pair of bellows for euch a forge can be purchased 
for a sovereiga, and little ingenuity is required for fixing thom 
properly. 

It must be remembered that a tuyere, or, as it is genemtly called, 
a tew iron, is necessary to prevent [he end of the nozzle of tbo 
bellows from burning ; it is of cast irou, and heavy, with a conical 
hole through it — the square end is to be placed next to the hearth, 
and the nozzle of the bellows inserted fi'om. behiuiJ. The usual 

ingemeut of the rocking etalf or handle by which the bellows 
worked can be seen at any forge, and need not be described 
hera The tools required by the amateur may be well reduced to 
H very few. Discarding the hi'avy sledge as requiring an assistanli 
let him purchase two striking hammers, or hand hammers, the 
one very light for small articles, the other rather heavier, which is 
to be used in reducing a thick piece to a smaller size, or "drawing 
down,'' as it is called ; and let tha one or the other be in use as 
often as possible — now hammering cold iron, now hot — to get the 
hand accustomed to the feel of this tool and to the use of the anvil, 
which should weigh from Icwt. to 3cwt., and be mounted on a 
good heavy block of wood sawn from the end of a tree. 

To hold short pieces, various sizes and forma of tongs will be 
required of the patterns ABC, Fig. 17. 

The first of the« are the ordinary smith's tonga, which are made 
light or heavy, and to shut close or remain partially open when 
the handles meet, according to the size and weight of metal to 
be worked. The second are the tongs used by Sheffield cutlers 
and others ; these permit part of the bar held to come up towaivls 
the hand, while the hook prevents it from being shaken out of 
hold by the jar of hammering. This form is very suitable for the 
amateur^ who nevertheless should practice considerably with the 
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n form of tongs. The third patteni C u intended for 
holding ihort bolta or other Minilarij-sliaped pieces, the heada of 
which will fkll JDside, the curved part eiuibUop the shank to ba 
closely graaped.* 

A ring (Fig. C) ia verj often slipped over the faandlea of the 
imith's tongs 1); which their grsip is insured without the pressure 
of the band otherwiae neednl, which, being reqoired to be odd- 
tinu&lly kept up, becomes rather tedious and difficult to tiioae not 
thoroughly used to the work. There are other tools used by the 




rngiilar workman to asBist in more perfectly shaping the work iod 
hniid. TliPMo mostly require the aid of an asaistant, and are tl 
foru nut MO scrTiceablo to the amateur as they otherwise would b 
they are calU'd swages, and are made in pairs, as Fig. 18. 
puHibIc, Indued, to uHe the small sizes singlehanded, as the lowi 
■ wage flti « iquare hole in the nnvil, eo that the upper one ci 
hold In the tuft hand, but iu tliie case the small bolt or other a: 
hu to bo Uld In positioD, while hut from the fire, upon the botb 

] ihe oiidi, Dot in ihs ui 
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too!, (ind released qiiicklj from the tongs, and is thus ant to shift 
from its place or drop out of the swage. The spring ewaies correct 
the above di-awbacfc ; they are represented in the next figure 
and will be found very convenient ; it would, however be an 
improvement to make the same spring serve for sevenil sizes of 
swage tools by inseiting its enda in square mortises in the latter, or 
otherwise connecting the two. A good deal of lathe and file work 
will be saved by having some few of the swage tools made for 
rounding and heading small work, and one pair at least should be 
of such pattern as will produce a head or flange iu the middle of a 
bar. as shown in Fig, 20, 




In addition to the above, the amateur will need two or three 
chisels and punches of different sizes ; one of the former is always 
attached to the anvil, the ii'on to be cut being placed across it, and 
etruck with the hammer till nearly severed, after which its end 
is inserted in a bole in the anvi] or elsewhere and broken off. 
Both chisels and punches to be used separately are generally held 
in hazel rode, Fig. 21. These are wetted and held over the fire 
till the heated sap renders them aoft and pliable, when they receive 
[ two or thi-ee twists, and are then wound round the tool and 
1 by a ring as ithown. The wooden handles thus made, 
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olumsy as they may appear to the looker on, answer better than if 
of metal, because tliey prevent the hand from being jarred by the 
shock of, the hammer, and in addition are easily and quietly 
removed when it may be necessary to take the chisel or punch 
again to the forge fire or grindstone to have the edge r 
which owing to the rough work they have to perform is a procen ~ 
often required. The firat attempt at forging ehonld be n 
bar of iron sufficiently long to be held in the hand without the 
aid of the smith's tongs, as it will be far more easy in th 
work it to tike required form. Tlie best beginning will be the 
attempt to forge a nail. The laar of iron of suitable size (nait rod) 
is to be taken of sufficient length not to need the tongs, and tb« 
end is to be heated to a bright red, or rather white heat. It ia 
then to be laid on the anvil so as to slightly overlap it, and it is 
not to lie flat but is to be a little raised at the end by which it ia 
held. The hatumer ia then to be made &11 upon it, where the 
edge of the anvil ia underneath it, so that the hammer iwelf will 
make a sniall angle with the surface of the anvil. After a blow 
has been given, the hand ia to cause the iron to take a quarter 
turn, and this is at first very difficult, the failure in this respect 
which at first is almoat certain to occur, cauaiog the metal to 
assume a twisted form. This difficulty can only be overcome by ' 
continual practice, but it will be referred to again presently. Aft«r 
two blows given as above the iron is to be draion hack a little, and 
two more blows given, and so on until the metal is reduced to a i 
point, and has taken a conical form. The rod is then placed a 
the fixed chisel on the anvil, and a blow given to cut it nearlr/ oS j 
at the desired place, the point is then inserted in one of the holea 
in the heading tool. Fig. 22 (which is faced with steel, if not mads 
of that material), and the nail twisted off. It is now placed, with 
its point projecting below, over one of the holea in the anvil, 
always made for that purpose, and the head formed by hammering 
on and thus spreading the part which stood up above the header. 
All this is in reality, to practised hands, a very rapid process, and 
always easily completed by once heating the iron. Fig 23 (I hope 
the engravers will be careful I) ie the probable result of the ama- 
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teur'a firflt attempt — bead on one side, no point, twisted, cluniBy, 
and laatly useless, for, probably having been over-heated, the iion 
has been burnt and become brittle. 

We sbalt get all thia right by and by, ao do not be disheartened. 
" Old File" made just BUoh a beauty when first he attempted to 
turn smith ; he is an old hand now, and can make a tidy nail with 
■peed and ease. 

Let us DOW see what ia the matter with the nail illiuitrattHl. 
First, it is supposed to be burnt at the end. The sign of 
iron beginning to burn in the forge ia the appearance of bright 
■parks, distinguishable at once from those of the coal by their 
brilliance. If these begin to appear, the tip of the iron will 
crumble away ; it must therefore be out off at once, before the 
shaping of the nail is attempted. But this is waateful, and bad 
work, and the tyro must therefore withdraw the iron from the fire 
at a white heat just below welding and below burning. The 
twisting of the sbank of the najl is due to the unpractised hand 
being unable to tuiTi the bar a true quarter turn between the blowa 
of the hammer, it ia rolled over on the anvil now too much and 
then too little, or else the centre of the ^na of the hammer falls 
untruly. It is a good plan to use square bars instead of round, 
■nd to practise with them only slightly or not at all heated ; it 
will be evident then at once whether the bar lies truly on one of its 
&ces. It is never necessary to turn the rod over completely and 
to hammer its four faces, because when the hammer strikes the one 
that is uppermost, the anvil, by the mechanical law of reaction 
Btrikeathe lower face with equal force. FJg. 2i will perhaps asaist 
in explaining the position of a bar to be drawn down to a smaller 
size, and alao that of the hammer. The face of tiio latter is more 
or leaa rounded, and the centre of 'his should fall on the centre of 
the bar at every blow. In the sketch given of the finished nail 
the head is shown on one side. This arises from the iron not being 
drawn down sufficiently to allow it to pass far enough through the 
hole selected in the header. Thus it stands up too high, and ifl 
first bent over. Fig. 25, and then the side and not the end comes 
under the action of the hammer. A very little projection above 
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the beading tool is required to make a head, and the tatter mnst be 
formMl neatly vilh light blown given aa perpendtcnlarly aa possible, 
and centrally oa regards the end of the piece, which ia thns spread 
equally ou all Hides. Nails heitig always useful, as are also spikes 
and stay nails, it ia worth while to make several of them, and it is 
astoniabiug how quickly the baud and hammer become acquainted 
and combine to follow the eye, so that by the time a couple of 
dozen nails have been completed much of the primary difficulty 
will be found to have vanished. Let the next work be a staple. 
Fig. 20, which will introduce the novice to the matiipnlatioa of the 
tongs. Draw down and point a bar as before, then cut it oiT at the 
required distance, which is such as apparently to leave the piece 
too short, becauae io forming the second point by drawing down, it 
will be leogtUeued. Take up the piece already pointed at one end 
ill the small longs, and licit ib where cut off. Now draw down. 
tliiji end to match the other. In doing this a new difficulty will 
aiise, and probably one blow will hit the tongs, and the next may 
very likely hit the piece out of them. Fig. 27 shows the fault in 
an exaggerated degree that causes the iron to fly out of the tongs, 
Ib is evident that there ia no support where the blow falls, and tha 
jar therefore is entirely upon the tongs. In drawing down. Fig. 28, 
the anvil supports the piece, and also in Fig. 29, which showa tha 
iron lying flat, which is the position it may assume in fluLihiDg oft 
the point ; and thus placed, tUo force of the blow is also commuui- 
cttted to the anvil, which is so heavy that it does not itself move, 
but by the reaction already alluded to, which ia due to its inherent 
elaaljcity, causes the blow to take effect upon the soft iron. Thia 
reaction is of great service to the blacksmith, who when working 
nipiilly may bo observed frequently to strike the anvil purposely 
between the blows which he is giving to his work, especially when 
he is forging with the assistance of the striker, or one using the 
sledge. In thia way ho not only keeps time, but the hand hammer 
rebounding of its own accord is raised for the succeeding stroke, 
and an inappi-eoiable effort only is required to lift it on the part of 
the smith who wields it. The amateur should therefore experi- 
jQont on thia modus operandi, and he will find the use of it even 
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in single-handed forginga of work of amall dimensiona ; ra[>iJity is 
thereby insured, and tlie iron la ahaped before it has tinio to lose 
ite heat. It 13 hardly necessary to add that to fiuiah the staple the 
iron has to be heited ia the middle and bent ov»r the nose of tho 
anvil — an easy operation euough, yet one that requires tho tong« to 
he well handled and the iron well directed, else tho piece will be 
knocked out of the former upon tho floor. To thicken a piece of 
iron at any particular part, where the increase of substance is not 
required to be considerable, tha bar ia heated at the given point, 
BEtd struck upon the end while it is held upright upon the anvil. 
This will cause the heated and softened part to bulge out, forming 
the enlargement required. In this way a. flange in the centre of 
tho bar may be begun, to be flniahed between swages, as shown in 
a previoua figure ; but if this flange ia to bo larger it is better to 
weld or shrink on a riog of the requisite diameter and thickness. 
To do this it is only necessary to make such a ring with the hole 
just lai'ge enough not to quite admit the bar. The ring is then to 
be heated, which, by expanding it, will allow the bar to enter, and 
nfler quenching in cold water the ring will be found immovably 
fised in its place, and the whole may be either swaged up, or 
turned in the lathe. An attempt should now be made at welding 
two pieces of iron together, an operation often very ineffectually 
done even by experienced blacksmiths. It being, however, more 
difficult to manage two distinct bars than one, the beginner may 
first bend a pieoe of iron into the form of a pear-shaped ring. 
Fig. 30. Heat this in the fire until sparks begin to arise, sprinkling 
some sand upon the spot at which junction ia to he effected before 
the above excessive heat is arrived at. This forms a glaze upon the 
part, which not only retards the burning of the metal, but in addi- 
tion prevents oxidation, and the formation of those black aealea 
which lie in such plenty around the anvil, and which hinder an 
effective weld fi'om taking place. Withdraw the bar quickly from 
the forge, striking it against the anvil to detach any such chance 
scales, and then with a few light blows the parts will be firmly 
united. This ia aimply an operation requiring care and speed ; 
you must literally " strike while the iron is hot," but nevertheless 
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■teailily and coolly, wilh well-directed blows, and it is strongly 
advj»ed oerer to omit the sand in this process. It is better on the 
Uttar sccouat to leave the loop slightly open at firat, so that the 
■and may full within the joint, although this ia not absolutely eaaea- 
HftL The loop thus mode should be as strong where welded as in 
any other part ; it will therefore be a good test to reheat it and 
abape it on the puiut of the anvil into a more perfect ring, when 
if badly welded the joint is sure to open and beti'ay the UDskil- 
fulnpsa of the workman. Su|ipo3ing, however, that succeds has 
attended this first actempt, which will probably be thi> case if the 
directions given Lave been carefully attended to, it will be well to 
practise on two distinct pieces, one at least of which should be 
held in the tonga. 

The two bars to be welded must first be prepared by heating to 
a bright red, and the parts to be united flattened down or roughly 
scarfed with the hammer, presenting somewhat the sppearance of 
a rude flight ot steps, Fig. 31. One (or both, if short) must now 
be taken up, each with separate tongs in the latter case, and brought 
to a welding heat at the same time. It is necessary to this end to 
expose both as equally as possible to the hottest part of the fire, 
moving and turning them about to equalise the heat, or else one 
will be bnming while the other is only red. When you find by 
inspection that both are white hot, sprinkle sand upon them as 
before and see that they are in the position to be firmly seized in a 
moment and placed on the anvil in a proper direction. Supposing 
the assistance of a stnker is not to be obtained, the shorter piece 
when withdrawn must, aller being rapidly place in position, be held 
by the contact of the other till by a single blow of the bammw . 
the two are made to adhere, after which, by further blows tha 
whole is to he consolidated, the bar (now firmly united 
piece) being turned about as the operation proceeds, so aa to expose I 
all parts alike to the action of the hammer. The position of ] 
the scarfed joint before the welding takes place is showq J 
in Fig. 32, the tongs being supposed to have been just withdra 
from the under piece. Some little practice is required to insure % 
perfect union, because the manngement of a pair of tongs in e: 
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fcend ia rather awkward at first, but if the iron is sufficiently hot a 
slight union takes place aa soon as the pieces are laid in position, 
&nd the left-hand tongj being instantly dropped the pieces will 
tia in contact till the first blow unites them more completely. 
If the joint is long it cannot be completed at one heat, and an inch 
r two having been united the whole must be returned to the fire, 
he same precautions being followed each time it ia withdrawn in 
regard to detaching scale by striking the tongs or bar against the 
■Jivil, sanding, and so forth. If, ss is probable, the previous 
operation has thinned the bar at the point of nnioD, let it be 
■truck endwise to bulge it out or " upset" it, as it ia termed, and 
then carefully hammered again into the shape required, round, 
quare, or otherwise. 

Fig. 33 shows bow in a few cases the second pair of tongs 
aay be dispensed with, a plan used in welding uteel into 
,n iron socket. The split piece retains the other in place 
while both are in process of heating a,nd welding, and the latter 
operation is very easily and quickly completed. In this way many 
cutting took, hatchets, for instance, are made, in which the edge 
to be aharpened ia central. If, however, like a carpenter's chisel, 
a bevelled one side only, so that the edge is on the back or 
front, the steel cannot be thus inserted, but must bo welded upon 
the outer surface of the iron. In both cases borax is to be uaed 
:ad of sand, as it greatly facihtates the union of iron to steel 
deed it is hardly possible to accomplish such work without the 
aid of this salt. It is also necessary to remember that as steel 
will not bear the same degree of heat aa iron, the latter must be 
placed first in the fire, and when this approaches the required 
temperature the steel ia to be introduced and both returned to the 
forge, and when the iron ia at welding heat the two may be 
worked together and a sound junction efi'ected, ao that both may 
be afterwards hammered down to a thin edge with certainty of the 
. Bteel remaining in its place in the centre. In practice, however, the 
eteel of a hatchet ia not thus wholly encased in iron, the latter 
"being chiefly confined to the upper part ov eye. The steel is con- 
sequently allowed to project considerably and ia then spread out 
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b; heating and faammeriDg so a£ to form tbe edge end thinni 
part of the blade. 



CASE-HARDENTNO, HABDENINO, AND TEMTERINO. 

It ia impossible and unnecessary in a brief account oF tbe worlC 
of tbe Btnithy, which is solely intended for the inatruction < 
anuLteura, to enter fui-thcr into the manifold detnils of the art. 
We shall now, therefore, pass on to other matters connected witb 
the working of forged metals — caae-hardeniiig, hardeningi anct 
tempering. 

The Burface of iron may be Hoperficjally converted into steel by 
enelosing it in an iron box with shreds of leather, bone dust, i 
ainiilar animal matters, and exposing the whole to a red heat for 
Bome time, varying from two to four hmira, according to the deptb 
of ateel required. The pieces thus cased in steel are then chilled 
in oil and will take an excellent polish. A more rapid method o 
case-hardening ja often employed, the effect of which is, however, 
exceedingly superficial. The iron is to be heated to redness, and 
rubbed with the salt called prusaiate of potash, or rolled in ths 
same reduced to powder ; it is then re-heated and quenched. Thff 
surface is thus rendered excessively hard, while, as in all instances 
of case-hardening, the central portions retain the toughness of the 
ordinary forged metal, or that of the casting, if such has beev; 
treated in this way. 

To harden and temper steel toola of various sizes and forms, twtf 
slightly different methods are used. The first is extensively prs 
tised by blacksinilhs in making the chisels and punches requireditf 
their work. The second is more suitable for small tools, such a 
drills, and the cutters and similar articles used by the ornaments 
turner and carver. By the first method the steel, ailer bein^ 
shaped to the required form, is heated to a bright red, and the edgi 
dipped or quenched in cold water. Being immediately withdrawn, 
the tool is rubbed quickly on the atone hearth of the forge to' 
brighten it, and the colours caused by oxidation of its surface n 
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watched, end when a deep orange or the first tinge of blue ii 
reached, the tool is again pluoged aud moped about in tbe water 
'till quite cold. In tbe Bmaller tools the above process cannot be 
carried oat, because the iubss ia lasufficieot to ret^ia the necesaarj 
lieat after the edge has been dipped. Such articles are, therefore, 
after being heated, qnenched entirely, and having been rubbed 
bright, are laid upon a hot iron plate, or otherwise carefully raiBod 
to the required temperature, and queuched as before. 

If extrame hardness ia not so much rcquii'ed as that which 
allows a degree of elasticity to the tool, it ia better to use oil instead 
of water, both for quenching before and after tempering. Small 
■watchmaker's drills and broaches are nearly always so managed, 
the first being geaerally heated in a candle flame, and afterwards 
plunged into the grease. If actu.d spring in the article in required, 
it is quenched first in oil, and tlien held again over the fire until 
the film of oil lights and burns away. It ia thus that watch- 
springs are tempered. It ia csaential in all cases to remove the 
scale caused by forging before tempering, as this forms a crust ujwn 
the surface, preventing the water or oil from taking fiill and 
instantaneous effect upon the parts thus protected. It ie better, 
therefore, afler careful forging, to continue the hammering till the 
metal is nearly cold, to finish it upon the grindstone, and after 
thus rendering its surface smooth and bright, raise it slowly to the 
beat required, which ia never to exceed a full red, because the lower 
the temperature which will produce the desired eflfect, tbe belter 
will be the edge pi-oduced. 

Sofleninij Steel, — This ia a process which may probably be aome- 
times reqiiii'ed by the amateur who wishes to turn tliis metal in the 
lathe. It may be effected Fiy enclosing the article in an ii-on box, 
orinaci-uciblewith charcoal jiowder, and after it has been made red- 
hot, allowing it to remain in the fire till the latter has gone out. 
A forge fire is not needed, and, indeed, it is better in hardening 
and tempering, as well as in thus softening steel, to make use of a 
fire without a blast ; but the fuel should be cuke or charcoal. 

Filing, — This, although one of the ordinary operations of the 
hlaokiimith and general mechanic, is by no means universally well 
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<tc-iick Since tho introduction of tlie planing machine it has 
been ao extt-UBively tie<.i]e<I, and, in consequence, few workmen 
bHve atUined that peculiar aptitude of hand and e;e so necesaaiy 
for its exact pi>rforntance. The file, whether considered m an 
abrading or cutting tool of many teeth, is well adapted for tho 
work of reducing to a level the onequal surfaces of cast or wrought 
metal ; but the natural oiovemont of the band and arm in udng 
it militates against the accuracy of the wort. A certain degree of 
training, therefore, becomes necessary, the nature of which will be 
here explained. I^et a, Fig. 34, represent a pioce of iron in the 
vice, the top edge of which is to be reduced to a level aurface. At 
the beginning of the stroke of the 61e, the tool being held by the 
handle in the right hand, while the left is applied near its other 
end, the latter m supported by the work, and the unaupported 
part towards the handle haa a downward tendency. At the middle 
of the stroke, the centre of the tile being anpported, the pressure 
on its ends becomes equal, and the tool assumes a level or horizoatal: 
position, but from this moment the pressure begins to predominata 
towards the point of the instrument, which is consequently 
depressed. Hence a kind of see-saw motion occurs, of which the 
iron to be filed is the fulcrum, and this becomes, in consequence 
rounded at the top, the two edges being paiUally or wholly 
obliterated. 

In addition to the above, another source of error lies in the ioab' 
of the arms turning as on a pivot at the shoulder joint, so that, 
the movement of the hands naturally takes place in arcs of ft 
circle instead of in the horizontal line. By constant practice it i» 
possilile to acquire the art nevertheless of keeping the course 
the file level even on such a narrow edge as is here supposed 
require dressing ; and as precision of work can alone occur wh' 
this skill has been attained, no pains should be spared in the ende 
vour to acquire it. The writer believes that the surest method ii 
to aim constantly at reducing the centre of the work, neglecting 
tne edges, as if endeavouring to produce a concave surface. Th«' 
laiter. be it remembered, is actually possible, because a file, being 
genemlly thicker in the middle than it ia at the ends, presenls tiro 
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siirfiices exactly adapted to tlie end in view. The inirlc 
should be placiid also at a ])i-oper height, about level with the 
«hest, when the head slightly incliiied will enable a gnod view to 
had of the sarface of the work as the filing proceeds. It w a 
very good teat to draw-file the work now and then — that ia, to iiae 
the file in a line at right angles to its breadth, ov sideways. The 
euta or sci-atchea thus produced will consequently be in the direc- 
tion of the length of the piece, as shown in Fig. 35. Then 
neturiiing to the usual way of using the file, you will at once 
kee by the maika made wliether you are working too much on tho 
5 succeeding in the attempt 1o totich chiefly the central 
pai-t, thus keeping the edges sharp, which is tho perfection of aucli 
■work. If instead of a narrow bar it ia necessaiy to have a wider 
e, it will be less difficult to pveacrvH the edges, because the file 
more resting ])lace3 or points of contact ; but in this case there 
anger of producing either a regular bevel in one direction only, 
or a succession of such bevels on the surface of the piece. Tho 
advice may be given of making an attempt at producing a 
alight hollow in the centre of the work, which should be first 
Attacked ; but the strokes of the file may now with advantage he 
all dii-ection*, lengtiiwise, across, and from corner to corner, a 
«traigl it-edge being constantly at hand to teat the accuracy of the 
operation as it proceeds. If it ia required to level a thin plate of 
metal, it is often difficult to support it horizontally. If Jin. thick 
best plan ia to lay it upon ihe workbench and drive round it a 
few amflll nails, keeping their heads below its level ; if too thin 
lor this it may be cemented with turners' cement to a block of 
Trood as a support. Pieces of triangular or other section may bo 
laid in similar recosaos formed in a " filing block " of hard wood 
'or lead, as the latter may be cast in a sand-bed in which the bar 
I with that face downwards which is to be filed, and if this face 
ilightly pressed into the level bed of sand in which the casting 
& to he made, the required face will project above the general level 
of the lead, so as to admit of the action upon it of the file, la 
way many peculiarly- formed articles may be firmly retained 
irhich could not easily be held in any other manner. Another 
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metbod of holding imall thin pieces Is to lay them on a suppa 
of wood anJ grasp llie two in a hand-vice. Tlie Ulter may b 
be fined in the jaws of a tail-Tice by its hingod or joint« 
mtty in such a position as to bring the surface of the work levd^'^ 
the latter can thus be filed as far as where it ia hold by the sniaQ 
vice, and afterwards ehifled to enable the ojterator to work upon 
the part formerly thus held — many pieces of a curved form may 
be thus very readily filed on their fiat surfaces. To protect t 
finished side from the teeth of the vice when the trork ia to 
carried on upon other parts, it may be placed between pieces a 
lead or wood, of which fhUe jaws are also made to fit withia 
of the vice. 

It must not bo forgotteo that an old or partially -worn i 
nseless for braAs and almost useteaa for cast iron, while on wrough^fl 
iron it may still anawer. Hence for economy's sake files shotddf 
first be used on the yellov metal or cast iron, and after the^l 
ceaae to cut freely, transferred to wrought mctah 

To file up a square bar, first level one face by the aid of »M 
etraight-edge ; next, work on the sides, taking care they are reiM j 
dei-ed truly at right angles to the face firat levelled ; and lastly, J 
true the fourth side. In working thua, a gauge line can be draws I 
round the edge, measured frcm the face which was first attended'j 
to, by which the thickness will be insured correct, and the lowe* J 
plane rendered parallel with the upper. In working to tliia line, I 
however, the suggeationa already given must be carefully attended j 
to. Try to file the middle, not the edge, down to the line, and 1 
now and then run the file lengthwise instead of across the work. I 
It will be a decided tiiumph if the bar when done wjII bear tb« \ 
teat ol' square and atmigUVedge, " and no luvuur,'' 
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DRILLING. 



Drilling is one of the most commoo of worksliop oiwriiliona, and 
ttiere are uevei'al kiuda of drill by which it is efiMted, Befoi-e 
going into details of tbeBe, however, we may observe that the maig 
difficulby esperienced is drilling straight through in the direction 
required. With the reciprocating drill, used with tbe Block 
against tbe breast, and worked with a bow. Figs. 36 and 37, or 
with the Archimedeaii drill, Fig. 38, it is next to impossible to see 
whether the tool is lying horizontally when the piece is being 
drilled, it being held in tho vice aa usual To insure correctness it 
will be necessary, if pntcticuble, to mark both sides, and drill half 
from each with a smaller drill than required, aud then with & 
r or broach to enlarge aud true tbe hole. But except for watch 
and clock work, and articles of a light description, these to-and-fro 
drills may be discarded and replaced by the new American twist 
drill, wherever practicable. This tool, made of all sizes, in Bets, ia 
equalled by none yet introduced ; but it requires a self-centering 
:k, usually sold with it, and con,sequently a lathe bead to carry 
The latter, however, is now found in all amateur workBhops, 
and it will well repay the coat incurred to* fit the above-named 
chuck to its mandril. 

This drill. Fig 39* properly ground does not throw out dust, 
but a clearly-cut, curled shaving, and leaves a perfectly smooth, 
id bole. The cutting power, however, of a drill is not dependent 
opon the twist of the shank, although in the present instance 
the edge formed by the meeting of the two twists or threads givea 
a peculiarly good form of point, and no drill has yet been introduced 
which rivals these lately imported from America, Tho following 
figures will render the mattor clear, and enable the amateur to 
improve very considerably tho tool usually puichased for tbe lathe 
or drill stock ; — 

Fig. 40 has the appearance of a sharp and good tool, but is 

' The engraving of the tool is defecUye, giviiig the ^perwice of k broken 
drill with uo pujiit. 
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esiseDtially bad. The angle of th<» [Mint is far too acute, &»a when 
it has been made to penetrate it doe§ no too long before the I'ent of 
the drill can tuke up its place in the hole, aud the tool vili make 
a bad hole, not round or smooth, and probably the drill will stick 
fiist and breat. 

Fig. 41 does not appear so sharp. It has a right-angled point, 
and this may be exceeded, but should never be less. The bevel, 
too, of these edges should be carefully cotieidered. It nmy be 
obeei'ved that thej are each a cutting tool for that metal on which 
it is intended that they should operate. ■ 

Fig. 42 represents half of a drill, the remainder being merely 
outlined to abow its form. A B is the cutting edge, and if pro- 
perly luade, this might be held horizontally, and used as a turning 
tool, and if for iron the bevel would be ground at from 60" to tiO" 
with the top plane ; if for brass, 80" to Sn", but at the latter the 
tool would have to be tilted to biing it into cut, and this cannot be 
done with a drill, therefore it roust be ground at a somewhat le^a 
angle, say 70' to 80°, always supjjoaing the point B A C to form 
a right angle. The extreme end of a drill is a chisel edge fc^^med by 
the meeting of the two oppositely-inclined planes composing ita 
aide edges. This should be reduced, so as to give more of a point to 
the drill, by grinding the Bat sides rather more freely here than 
higher up, so that the section and plan may be as Figs. 43 and 44 
The edges A B should be always rounded, indeed, the drill should 
be maj]e of a round bar, which should retain its pttrallolisni to the 
spot where the grinding of the two sides commences, and thence 
it ahonld gradually enlai^e to the line D E, Fig. 41, that it may 
■work its way easily. A diill thus carefully made will bore a very 
good and even liole, and will not cliatter as it penetrates, but a. 
drill with an angle much less than 90", and bevels less than BO*", 
with a broad chisel point, is sore to take a crooked course, and leave 
a hole which needs the application of a rimer to render it fit for 
any jntrpose, save as an example of bad work. 

We have said that the drill should be made of roimd steel or 
wire, and it should also be round where it enters the socket of tha 
drill stock or lathe chuck. 
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If thfn pitrl is squared, na often done, it will be impossible to 
insure the ccntrntitjr of the drill [mint, and if the shank is likewise 
squured, or has any titigleii, insteail of being round, the chips or 
shuvinga will l>e caught uud crushed, jambing the tool, and causing 
it to twist or break, or to run out of truth. Of course, in very sm&ll 
drills, us used by wutchmokera, these directions cannot be so fully 
carried out, yet if the prii>ci|>le is grasped and applied, even these 
minute tools may be made equally acientiScally. A small piece of 
steel wire, being t«ken in its soft annealed stAte, is flattened at one 
end with the hammer, which spreads it like A, Fig. 45, It is then 
filed up like B, and bevelled on opposite aides. The point thu;j 
made a too abrupt ; the hammering should be extended farther 
up the shank, Pig. 46, which gives a form agreeing with that 
already explained. The top of the shank is notched, which pai-t 
coming against a flat place in the stuck prevents it from turning 
in the eucket when in use. A watchmaker is pretty sure not to 
make the angle of the point leas than 90^, because moat of hia 
work is on thin plates of brass, and if the point penetrates too 
much before the sides come into action, the hole will be Hpoilt, or 
the diiti will break. A broach is, however, generally needed to 
follow the drill and perfect the bole, as this must be quite round 
and true. 

The main drawback to drills of the above kind used horizontally, 
ia the difficulty of supporting securely the piece of work apon 
which they are to act. The watchmaker can indeed hold the 
smull pieces requiring to be drilled in one hand, placing the oppo- 
site end of the drill, Fig. 36, in a small hole in the side of his table 
vice, while with the other hand ha works the bow ; but when a 
piece of larger dimensions or of awkward shape is to be operated 
on, it becomes far more convenieot to lay it down upon the bench 
and clamp it there, while the drill ia used vertically, which is, of 
course, impoaaible with the ordinary lathe drills. The hand brace 
of the blacksmith A, Fig. 47, with pressure screw E, is altogether 
ao imjwrfect that it is a wonder it retains a j.lace even in the 
poorest workshop. Tiie jjart F ia often made as a movable arm, 
eliding upon the upright IT, to give greater power of ailjuatment. 
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tlie work Q being steadied where necessary by largu nailH driven 
Irouiid it into the beach which furrna the bed of this primitive 
machiue. The drill scarcely ever retaius the pfirpemJicular, yet, 
Bonif'how or other by main force it w diiven through the work 
snfficiently near the mark for many common purposea. 

Such, indeed, is tlie prejudice of the ordiiiaiy mechanic for 
retaioing the implements of his trade used by hia predeceasorB, 
that it is exceedingly difficult to cooviuce him of their generally 
utter worthleasness, and if they snffice to do the intended job of 
■work he rests contented with "jobbery," of a truth, and puraues the 
beaten track with a perfect nonelialance and satisfaction, 

. is to be ho|)ed, nevertheless, that a better day is dawning, 
and that the indaence of the present numerous mechanical and 
acienti6c journals will effect vast improvements even in the village 
rorkahop, especially as such improvements will be found upon trial 
Bot only to reduce labour and produce better work, but to uave 
time, and consequently pay. For hand-drilling nothing can surpass 
No. 48, the bevel-wheel drill of Nasmyth, especially when tho 
platform A is fitted with cUmps to hold woik of any accidental 
form. The actual drill socket which ia depressed by the wheel C 

ig on the screw B, slides with a slot-and-pin movement through 
the sleeve which carries the second bevel wheel. Sometimes the 
platform itself is made to rise by a lever aud pedal to work with 
the. foot, or with a rack and pinion, actuated by a lever and adjust- 
able weight. The costof such a drilling machine ia from £5, end 
the outlay will amply repay the amateur who really intends to do 
good and satiafactory work in metal. 1:^ however, the crank brace 
a necessity, let it be well made, so that the upper bearing point 
■which comes against the pressure screw, may be in a right line 
vith the drill, and above alt have the latter well and scientifically 
formed. In Fig. i9 ia shown a drill with a hollow scooped out to 
a keen edge. In this way great sharpness is obtained, and 
the drill cuts cleanly and rapidly, but the edge must not be left too 

1, or ita strength will be unduly diminished. In boring cast 

I the point of the drill is often done away with altogether, so as 
to present to the work a semicircular edge of two bevels. This 
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form of tool bores rapidly aod well, bat the hole must be com- 
luenced njtfa a point drill. 

There are some other forma of importance, aa pin and re-centering I 
drilla, which we shall have occa&iou to notice hereafler. Drilling 
is indeed of such importance in a workshop that it is well worth 
careful study, especially as the amateur is very apt to fail in this 
fciud of work from want of accurate knowledge no less than want 
of practice. 

It ia often better to bore a large hole by the ud of the pin- 
drill, Fig. CO. The cutting ttlgea o 6 are made on the priueiple of 
ordinary tools for metal, with a bevel tlierefoi-e of 60" to SO", but" 
instead of the two edgea meeting as before to form a point, the 
central part is tiiioed in a lathe. 

This forma merely the guide, and ia inserted in a bole, pre- 
viously drilled, of the same nize aa this pin or bit. Such hole ift 
coDHcquently enlarged at ouce by this tool to the size of itself, ths 
metal curling offiu shavings. Great care ia requisite not to make 
the guide hole first drilled too large, aa the pin should exactly fit 
it ; it ia also absolutely eaaeutial that the hole should be perpen- 
dicular, aa thia pin-drill will follow but not eorieet it. As th^S 
tool cannot cut awny the entire hole first made, the latter foiina a 
guide for the reap plication of the small drill, if it should be 
neoessarv to deepen the rece^-a. If, however, the engineer's boring 
bit has been used, which will be presently described, and which 
leaves a level auiiaoe at the bottom of the hole, the centre of the 
latter can only be formed with the re-centering drill. Fig. 51, the ■ 
lower part of which is cylindrical, and tuiued to fit the hole 
all eady made. The point is fi-equently made by inserting a, very 
abort drill in a hole in the boss bo that it can be readily sharpened 
or repaired if broken. 

To FPcapitiilate the essenlia's of a gnoil diill: It must always bo 
made of a round, and not squiire, octagonal, or other shaped bar 
of steel, because the shavings and dust will more easily escape e 
the work proceeds. The diill should be parallel when flattened, c 
at most be very slightly liirger downward", not suddenly spread 
out by the haiuaicr. The angle should bo obtuse at which th» 
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bcvela meet to form a point, not leas than DO", and it may be even 
lai^ei ; and the angle of the two bevels themselvea must likewiso 
be Urge, hecause it is imjiossible to obtaia a s)iarp eilge by leaaen- 
ing this angle ; the result will Bimiily be that, after it Uaa taken a 
couple of tiima, there will be no edge at all left. If it is desired 
to obtain keenness, the tool must be grooved ao that the edge ia 
obtained by filing fi'om above, Fig, 52, which shows the similarity 




of a drill thus ground with a turning tool for metal. Lastly, La 

making an ordinary {not grooved) drill, slightly bewel the flat 
. sides also towards the chisel- shaped point, so as to reduce the 
thicknejs, and give more penetrative power. By following these 
directions a good tool will be obtained, which will do its work 
easily and well. Drilling in the lathe need not be entered upon 
here. There are, however, a pair of toela much used by gun- 
smiths, one of whiuh ia closely allied to Ine drill, which ara wurtb 
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describing. It fr«qttentlj happens (especially in making gun-locks) 
that the cyli>.(Iriail hi?ad of ti screw requires to be neatly cuunler- 
Bunk, that it mny bo level with the plate Uirough which it passes. 
To etTfct thiH the hole is enlarged with a i>eculiar coantorsink 
(Fig. 53), which combineB the ordinary pin drill already described, 
and what is called the rtMC bit, a form of which (Fig. 66) in the 
ordinary countersink of the carpenter and smith, used for letting 
in the conical li^^ds of wood screws. The tool in (question is mads 
like Fig. 53, and is used with either a drill stock, worked by a 
bow, or ulher available cootrivaace. lu this way a neat recess 





(A, Fig 54) is made in the plate or other part of the lock. The 
fellow tool (Fig. 55), acting on the same principle, cuts the shank 
of the screw blank, and levels the under side of the head already 
turned to fit tho rccesa, and it drops so accurately into place as to 
bo invisible when the plate and the screw head are polished 
together. It should be nientiuned that the screw blank is turned 
nearly to the required size, and tapered a little to allow the end t» 
enter the hole in the centre of the cutter, which is lield in the 
vice when used. The head of the blank is nicked with the saw, 
and a sovew-driver put in the ordinaiy brace, by which the blank 
is then screwed into the culler by a few rapid turns. The shank 
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is thus ccrtalc to be cylinilricul, ami is ready to lie tapiwil with ft 

screw jilate. The Hkanka of all BCrewa tlius made are, moreover, 
preciaely of similar eiza These are very u-<efiil tcmla for the 
amateur, aniJ, indeeil, the Rhank of anch a hUtik ^l^ty be even 
rounded with a file, and tlioii run thiough tlie eutti r, if u Uthe 
is not at baud to turn it 



SCREWING. 



To cut a thread on mich a screw blank is an operation of such 
frequent occurrence that it will be well in this pliice to sny a few 
words i-es|ii'eting it. There are three methods of effactiag thin, 
Fii-bt, by means of a lathe, which is chiefly suited for screws of 
large dimensions, or in which the nioat perfect acoiirHcy is required. 
Secondly, by the screw plttte (Fig. 67), which will be familiar to 
moFit readers. Thirdly, by screw stock and diee, which is by far the 
best foi- general purposes. 

The possibility of making good work with a screw plate depends 
princi|)ally upon the correctness with which this tuol is made. 
Ordinarily it is a mere plate, of the form shown, drilled with 
rows of holes, which are then tapped The plate is afterwards 
bardcued, and is ready for use. In ih'S case there is no cutting 
action whatever ; the blank is turned or filed up, so as to enter 
with difficulty the appoinced hole, and then by force screwed into 
it, whereby a thread is raised or burred up upon its surfsce. It 
rerniires no microscope in this case to reveal the defects of such a 
screw. The thread ia of neoosMity tough, weak, and shallow, part 
of it probably e^en craeked, if the iron is not of gnod quality. 
Fig. 58 shows a plate in which, by cutting longitudinal ur trans- 
verse notches into the main holes by the aid of a drill and small 
saw, two ioiprovemente result. First, there is a place for the 
escape of the shavings or dujC produced ; and secondly, there are 
fnur partially cutting edges provided at the points where these 
saw cuts penetrate tlie central hole. If tho ta.pped holes are in 
pairs, the one diijhtly larger than the other, but with a similar 
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tlireftd, very fnir Bcrewa mii)- be thus made- but generally speaking 
tlii» ftcctinicy ia not nttenilod to in making the plaies, and the pairs 
of holes are precisely Bimilar. The laps (in almotitall cases) which 
arc sold with screw plates, are simply abominable, shapeless, tract 
clurnsy to the last degree. Some of the better-finijihed plates 
used by clock and watchmakers who work almost exclusively with 
this kin'l of acrewini; apparatus, are lietter finished ; but, after all^ 
the screw pUt« ia a pnor tool, only fit for making screws of amall 
aizii, on the threads of which no great strain ia likely to come. We 
do not recommend them, therefore, to the notice of amateurs, 
except for screws below ^Jn. in diameter, and even then we advine 
that they be carefully selected at the best tool shop arailable, even 
at a somewhat higher price. 

To make the best work possible with this tool, it ia necessary to 
be very careful to fit the blank accurately. It must not taper in 
the least, except at the extreme end, to permit it to enter the 
hole in the plata If it fits too tightly it will be twisted and 
probably broken ofi" short in the hole ; if too slack, the thread 
will be defective — too shallow for use. The exact size would seem 
to depend upon whether half the thread can be ciinsidered aa cot 
into the metal and half burred up, in which case the blank would 
lie of such size as to fill the hole in the plate and extend half into 
the thread besides, which is practically about what is required. 

For many light works, as iron and brass wire, binding screws, 
and such other small bolts as the plate is commonly used for, this 
is at any rate sufficiently near the inaik to serve aa a general 

It is of great importance when screwing either with the plate 
or stock and dieM that the pin should be pa-is'td perpendicularly 
thrciugh the tool, else the thread will take a slanting direction, and 
when the bolt is screwed in its pliLce the head will not full accu- 
rately into its place. This error, however, is less likely to happen 
with the screw stock, because the dies are thicker than the plate, 
and, thus embracing more of the jiin, tend to jdace tkenuelvea 
accurately upon it. There are now several patterns of die stock, 
of which Whitworth's ia the best, having three instead of [wo 
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dies, one acting as a guide, vbile the olLei-s cnt the thrmtd. 
'Xhe two movable unes are siiuuItHiieoiiRly advtiikceil to the work as 
the Bcrawing proceeds, and the latter is oiTected with great Cioility 
and with the least possible strain upon the bolt. Uii fortunately, 
however, the coat of these screw atocka is neceasai'ily far heavier 
than thut of the more common Blocks, which merely carry a pair 
of iliea adjustuhle by a set screw. 



HIE STOCK AND TAPS. 



A fonn of diestcfk for light work coataiaing three puirs oi 
dies in tne same frame, ia ohowa in Fig. 59. la this pattern the 
handle ia continued through the frame, and, heiag miide into a 
screw aL B, forms the menus for compressing the dies. 

The ouly drawback to this is the likelihood of bending the screw 
S ; it is never, therefure, used except for small bolts not eitceeiiing 
half an inch in diameter. In the above, and othec patterjis of the 
same for heavy work, in which the compressing screw is distinct 
fi-jm the iiandles, only two dins are used for cutting the screws. 
The notches, however, in the dies give several cutting edges ; and 
as the better form of screw stock, with three dies, is oo.itly, the 
above forms the most usual screwing apparataa of the general 
mnchanic. 

To nse a screw etnck requires no great skill, yet there are 
defective, screws made by it Sometimes, instead of a thread, the 
tool cuts merely a series of rings parallel to each other, and it is 
also possible to cut a double thread inst'ead of a single one. Let 
the bolt be truly turned to the intended size corresponding with 
that marked on the dies themselves, for in the present case mecal 
is removed to form a thread, the reoeaacs are cut out instead of the 
projecting thi-ead being raised. The screw blank being fixed with 
its head in the vice, with the interposition of lead or wood clamps 
to prevent iujnry to the nirned head, the dies are loosened so as 
to nermit them to graai) the pin, and sufficient of the latter is 
included between them to give a good bearing to the tool. The 
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If not, let tlie dies be loosened and i-eclosed a little lower down, 
and a fresh attempt made ; atid if this is successful it will be well 
Bt once to tighten the dies a littic more so as to miike them cut. 
Oil must be freely used as the work proceeds, and it is a good 
plan to work the stock to and fra a little as it deicends ; but the 
dies must not be tighteued except when the top of the pia is 
reached, and the deepening of the thread commenced. 

If this is not attended to the thread will be more cut in one 
p1ac6 than another, and the diameter will no longer be uniform 
fiom end to end. The work must be eontinued until the thread 
is seen to be sharp at the edgp and well finished. The dies will 
not genei'ally be quite close when this is the case. 

Fig. 60 is an illustration of the stock of Whitworth and Co., 
with three dies, as figured and described in Holtzapfful's work on 
mechanical manipulation. B is a fised die which is not intended 
In cut, but to form a guide, its threads immediately lulling into 
those made by the movable cutting dies FF. 

These, it will be seen, are in a measure hooked, and in such a 
way that one will out as the tool is turned round upon the blank 
from left to right, or descending, and the other will bike up the 
cutting as the stock revolves in aa opposite direction, Tlie cuttin<! 
is thus rapidly proceeded with. D is a double wedge of hardened 
steel, acting simultaneously on the pair of dies when the octagoniil 
nut E is turned on the screw 0, which furms part of the 
wedge D. 

The working of the dies and wedge ia concealed by the upper 
plate of the screw stock, which can be immediately removed by 
loosening the three screws in it* face, and sliding the pUte till 
their head.'* fall into the holes adJEiceut to them, these being the 
shape of a keyhole. Nothing can exceed the ease and accuracy 
with which these patent die stocks work, the mbbing action being 
merely sufficient to compress the threads slightly, and thus solidify 
them, while they are actually formed by the clean cutting action 
of the movable dies acting like a pair of turning tools. 

Fig. Gl represents a common tap of the old taper form, the 
thread removed in part by the formation of four flat sides. The 
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entting edges, therefore, micb 
angles, and tha tiii>|iing by : 
bat in addition udi 
action is fi-equentlj that of 
inside thread it simply enlitrg 



n the; are, are confined to the (bnr 1 
s'ich a tool is not only uns.iti 
for at the first entry of this tap i 
rimer, and instead of cutting i 
the bola There is in the aboT« 
BO guide principle to insure its proper entry, and consequently it] 
18 a mere question of chance whether the resulting work is good 1 
or bad. Compare . this with Fig. 62. In this, which likewise 
represents a tA[)er tap of proper form (the thread being purposely 
omitted), attenlion is given to all the several requirements of a , 
good and practically efficient tool. 

The t;ip is first turned as a cylinder, after which it is carefalija 
threaded. It is then returned to the lathe, and the threads trooi I 
B to C are cut away, hut only just so. 

This pert, theicfore, is of the exact diameter of the tap at tlie 1 
bottom of the threads, and the nut to bo screwed is bored e 
iiist to admit tliia, which at once insures the perpendicularity of J 
tha tool. Froui B to A tlie tap is giadually tapered, so that i 
diameter increases until at the point A the thread is quite perfe 
and sharp. 

Beyond A the tap remains cylindrical, and the sq^iare part left I 
for the tap wrench is purposely made smaller than the rest, thai, I 
it may fall through the nut when its work is done, instead of'fl 
liavitig to be wilhdi-awn by caroFully turning it backward, kl 
pi-ocess sometimea resulting in obliteration of the ne»ly-mad8 1 
thread. 

From A to the smaller end the tap is fiutiil, as seen in section 
D. Three flutes appear best suited to the end In view, which is 1 
the production of cutting edges ; and these flutes ai-e not always I 
mode as radial grooves, but in such a manner as to cut more keenly I 
on one side, the otJier being put'i>oseIy eased off. EadJal grooves, 1 
iiovcrlheli-S9, imswer very fairly, and are in very general use. 
. With such a tool as the aliove die stock, with a few paira o 
of dies of sizes moat likely to suit the purpose of the amateur, it 
is hardly pos.-4ible to make had work ; but it is necessary to be 
careful as to the exact size of bolt and nut, so that the latter, when 
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tapped by turning tlie tap la one direction until it drops through, 
may exactly fit the bolt for which it ia intended, the latter being 
gauged carefully to the size marked on the dies, according to 
directions already given. 

The taper tap alone is sufficient for thoroughfare holei ; but when 
these do not go through the work, but are more or less shallow, 
three or four taps are required, the last alone being aylindrioal 
and of the exact diameter of the hole to be threaded. 



WORKING IN SHEET METAL. 



The subject of metal working which forma so large a portion of 
aiuatenr mechanics' work, would not be complete without a brief 
notice of brazing and soldering, and working upon tin, copper, or 
brans plate. 

The use of the former metal is, perhaps, the moat general in 
matters domestic, and the use of the soldering-iron is an acoom- 
pliahment of reiil service in every household. Few tools are 
needed for this kiud of work— a straight, semi-sharp stake of iron, 
(Fig. 63), which can be mounted in the vice, and serves to turn 
down the edges of the tin where required in conjunction with the 
hammer, or, more commonly, boxwood mallet, with one flat and 
one round face ; a pair of small shears {Fig. 64), one leg of which 
can be fined in the vice, if the metal ia too thick to be easily cut 
by band alone. Theae, with the addition of au ordinary pair 
of pliers and the soldering-iron or copper-bit, suffice by them" 
selves for most of the ordinary work that falls to the lot of the 
amateur. 

The solder used hy the tinman is made by melting together two 
parts of pure tin and one part of lead. Thia may be easily effected 
in au iron ladle, an instrument of very great use in the workshop 
of the amateur. A flux will have to be uaed, resin being the most 
common, and generally answering the purpose. There are, how- 
aver, one or two othera which deserve attention, and will be noticed 
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in their proper place, beio^ more uNeful far copper, dnc, o 
than for tin. 

The soldering-iron (Fig fi5) i« a very handy little tool, 
is small and curveJ, so that it is not top-heavy, as the d 
irons (Figa 66 and 67) are, in which the copper-bit enclosed ii 
split end of the iron ahank is generally heavy, making the tonl 
awkward to use. But the first is nevertheless only fit for light 
work, because the siaall bit will not long retain sufficient heat to 
melt the solder ; its copper part may be 3Jin. long and about §in. 
to ^in. square. This little tool the aniittuur will find uicely suited 
to bis work. It is used by makers of tin laatems, and such si 
ftrticles. 

Whichever pattern is preferred, the extreme end of the copper <J 
will require tinning, as otherwise it will not pick up the solder 
which it nieltn, nor carry it along the sesin in a neat and workman- 
like manner. The lest way to efTuot this is to make a hole of . 
an oval form in the surface of a hrick, deeper at the farther thaafl 
at the nearer end; a depth of half an inch, or a little more, will befl 
sufficient. Having filed the end of the copper bright, with i 
smooth bevel on one or both sides, so aa to form a conveniently^ 
shaped edge for the purpose required, heat it almost to redneea;^ 
wipe it clean, and having placed a little piece of solder or tin, 
with some resin, in the hole of the brick, apjily the copper-bit 
to tlie same, and rnb it about well in this hole ; it wUl presently 
become brightly tinned and fit for use. 

Fig. 68 is a beak iron for foiming tubes. Fig, 69 is a seamer a 
seam-set, a hollow punch for closing up joints neatly ; it also servBS^ 
to begin bending a strip of tin to form a small tube. The tin being 
driven into the gi-oove in its surface by the flat pane of the hammer, 
it may be finished by the application of a similar punch upon its 
upper surface, or over a beak iron. There are a few other aimplf^ 
took used by the sheet metal worker, which will be named s 
illustrated when necessary. 

In joining sheets of tin the ordinary seam is made like Fig. 70. 
The edge of each sheet is turned over upon the hatchet stake, the 
two are hooked together and beaten down, after which a litth 



suited 
smaOJ 

iopper<l 

J 

^in, 
bit 

,tly 

rves^ 

Bing 

litB 
implf^H 

""I 





THE AMATBOH MKCHAKICS WOEKSBOP. 



53 



■, however, of 



solder h neatly run duwn on both aides. If 
the tin is to lemum flat, the seam must be made as Fig. 71. The 
edge of each is to he turned U|j, but the width of tbia turned-ii|i 
part ia to be greater in one than in the other ; the wider is to hi 
again bent over the narrow one, and both bammei'ed dowD, tlia 
seaiu-aet being used to perfect the rounding of the joint ou the raised 
Bide. The solder may be then run down on the inside, making a 
very neat job. It is thus large tin aaucepuiiR, i-equiriag more than 
B alieet, are made, witli other similar works. 



I Kow, in this, tbe neatness of the soldering will chii'fly try the 

workman ; a regular tinman never goes over a seam twice, and ha 
apreada a thin coat of solder so neatly and evenly that it is ncarcely 
visible when done. 

One requisite is a well-tinned soldering iron; another, to have 
this iron. very hot, but not red hot, or the tinning will burn off, and 
the tool will require to be filed up again aud retinned. A third 
reqnbite is a good flux. Resin is extensively used by the trade, 
and if the tin is clean and bright this substance can hardly be 
excelled. 

There are, however, other preparations used when difficulty 
occurs, of which, perhaps, Baker's soldering fluid is the best. Thia 
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will answer for tin, brass, or zinc, the latter metal being very 
difficult to maoEige nith resin alone. If the above fluid is not at 
bond let some pieces of zinc be diiisulved in hydrochloric acid (spirit 
uf aali), and the liquid thus formed be used. 

The main drawback to fluids is the tendenoj they have to cool 
the iron ; and some of them have a further drawback from their 
effect in eating the copper itself, destrojiug it and, of cuurse, its 
coatiug uf tin also. 

Resin makes a terrible mesa of the fingers, if it is taken up in 
pinches, as not tinfrequently done hy amateurs. The neatest plan 
is to have a tin can, with a short spout, like Fig. 72, by which the 
powdered resin can be shaken along the line requiring to be 
soldered in a regular and tidy manner, and tidiness is not to be 
despised in mechanical mauipulalion. 

Working in tin is in many respects analogous to modelling in 
cardboard, the pieces being planned and cut on similar principles. 

In making an oblong box, for instance, the sides and bottom may 
be cut in one piece, as Fig. 73, or (which Would probably be the 
more economical mode) the sides may be cut in one strip and the 
bottom out separately ; or again, if preferred, the plan Fig. 7i may 

nc 75 
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be adopted ; but in the latter case, if the bottom is intended to project 
a little all rounJ, for the sake of giving a. more finished appearance, 
a double fold, like Fig. 75, roust be made in the sides, and hammered 
closely down, and to keep it thus folded it may be necessary to run 
a thin layer of solder very neatly round on the inside. Other 
joints used with (and some without) solder are represented in 
ABC, Fig. 76 ; the first, however, is scarcely to be called a. joint, 
as the pieces merely lie over each oLher, and union is efiected solely 
by means of the solder applied on both sides. 

It is unaecoasary here to lay down rules for cutting out pieoea 
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of complicated form. Boxea of five, six, or luore aiJes are readily 
designed and laid out in plan by the aid of rule and comjiass, and 
any pattern can fii'at be made iu pai)er by WHy of experimeDt. 

n moat caaea there slioulJ be lupping edges left, aa in the plan, 
I"jg. 73, which will form stronger and better work than when the 
edges are made to meet only; the latter, however, is the rule in 
liarJ-aoldering or brazing, which will be treated of presently. 

Sheet brass is cut and worked in the same way as tin, and the 
lanie solder and flux may be uaed except for very fine neat work, 
Vhich 13 united with laminated silver, moistened with borax and 
ivater. This, however, is an example of hard-soldering, and canuot 
be effected by the soldering iron, as the heat thus obtained is 
insufficient. A very neat union of two pieces of brass may he 
made by using tinfoil aa the solder. Let Che surfaces be made 
quite clean and bright, and moistened with sal ammoniac and water, 
or sprinkled with resin, or, if preferred, wetted with any of the 
Boldering fluids already mentioned. 

Insert a piece of tinfoil dean and fi'ae from grease between the 
pieces, and either pinch tbe whole together with red-hot blaok- 

th's tongs, or, first aecuriog their respective positions with iron 

e or other methods, heat tliem over a fire until the tinfoil 
melts. This is a very convenient and efficient mode, applicable ia 
many cases, especially in the construction of small models of 
engines and similar neat work iu brass. ]t must be always borne 

□ind that thick pieces of metal canuot be soldei'ed with the 
Boldering iron alone, as it ia essential that both the parts to be 
mited shall be brought to a heat eqnal to that of melting solder, 
but when for instance a small block of bra.°s is required to be thus 
joined to a thin plate, tlie former may be fii-st heated in the fire, 
and then the process can be carried on with the iron, which may 
luffice to heat the thinner piece of metal. If the iron is well 
tinned, and is drawn slowly along the joiut with a sufficient supply 
I of Bolder, little difBculty is likely to be experienced in this work. 
The tinned soldering ii'oo (or copper bit) will pick up the solder and 
carry it evenly along the joiut ; or, the solder being held in the left 
hand and the iron in the right, dro]is of ihe former may be melted 
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off the lump or atrip (the latter U the most coiivenictit), and 
allowed to fall at intervals upon the part to be joined, aud the 
heated iron being then applied will spread these into one loug thia 

It u a good plan with brdss, and necefisarj with iron, to tin the 
pai-ta separately, first oiall, tlmt are to be united, so as lo aecuie tha 
taking of the colder. Sal animoniac is the salt to be used in this, 
or Baker's fluid, the metal having been first cleaned hy the file and 
sanilpaper. Iron wire will frequently take the tinning satis&c- 
t<irily with the aid of resin only, but sal ammoniac is to be uaetl la. _ 
tinning cast iron. 



THE BLOWPIPE. 



In this little inatninifiTit we have at once the means of producing 
a heat intetue, convenient, and free from smoke and dirt, and for 
delicate work nothing can equal it True, it is a little difficult to 
use at fii-at, as it requires practice to keep up a steady blast for any 
considemble time. The seciet is to blow only with the muscles iif 
the cheeks, which are to be full and distended aa those of any 8cot«h 
piper. These muscles keep up the hlast while by a mojnentaiy 
effort of the lungs the supply of wind is renewed. It is not diffi- 
cult after a little practice to get the chest aud &cial muscles thus to 
act independently of each other, and, the knack once acquired, no 
attention is afterwards given to it, as cheeks and lungs and lips will 
do their respective work, each at the right moment, without any 
effoit on the part of the operator. 

Of blowpipes Pigs. 79 and 80 are the ordinary forma, the lattor 
having a reservoir to catch any water or condensed vapour from the 
breath, but in luing thetw both bauds are not at liberty. The 
best arrangement is shown in Fig 81, a remarkably handy little 
blowpipe, which can be directed in any position through the fiame 
of the lamp. It is made by J. J. Griffin, 22, Garrick-streeb 
Coven t-garden, who manufactuves all kinds of blowpipes for gas and 
Bpirit-lamps, besides divers other pieceii of ajiparatus haiidy for the 
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ftmatear mechanic. This blowpipe ia 10s 6(1; another at 358. is 
made with iniiiarubber bull to piesa with the foot, to jiroduce a 
blast, and & second ball as regulator, the whole handy for any such 
purpose as soldering or small farazieg, Blowpipes with fixed Htanda 
can also be lutd with a fiexible tube to the mouthpiece, wbiab gives 



the operator greater freedoai of positinii. Fig. 83 is one of these- 
Either of the above will suffice for ordinary soldering ; but if hard 
- is to be used the olijett to be brazed must be sutall, or the 
mass of melnl will carry off the heat so fiist that the spelter will 
not be melted or the metul raised to the necessary teuiperature. 




ff "^^ FiQ.aa 



Either of the mixtures given hero, for which t am indebted to Mr. 

Griffin, is superior to ordinary spirit or oil for blowpipe lamps : — 
Mis alcohol of 85 per cent., six volumes ; spirits of turpentine, 
9 volume, with a few drops of ether. 3, Mix wood spirits, four 

Tolumea, with turpeatiue, one volume. Both must be clear, witli- 
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out ex:;<!ss of tiirpeDline. intA these mirtures a blowpipe luta power 
to melt 30 or 40 grains of eoppert or 300 grains of stiver. 

8niull work is commonly supported upon a piece of flat cbarcoaL | 
A mure convenient suppoil, however, in one resjiect — namely, it» I 
incombuatille nature — is putuic«-stoue, a. lump of which can hara i 
one side flattened or rasped to any dsttireil shape to suit the work. 
Ifuving already recommended ncatne^, we may add that a box 
should be eet apart for soldering, with divisions to contain the 
powdered fluxes, the spelters and solders, small pliers and other 
apparatus, with a bottle of solderiog Suid to be spread either with 
u flattened wire or feather. Keat appai-atus conduces to neat work, 
and neat work is ^jwcially essential in the constriicLion of small 
models of machinery, or soldering iiae work of aoy kind, jewellery, 
and so fuitli. 



BRAZING. 



This, which is the same as hard-soldering, is of very extensive 
application in the mechanical arts. The substance used as solder is 
spelter, a corajwund of copper and zinc in equal parts, of rather 
lower fusibility than the former metal alone, add therefore appli- 
cable for soldering it. The respective melting-points are nevevthe- 
less sufficiently near tc^ether to necessitate great care in the 
management of the operation. Iron not being similarly fusible, is 
often brazed with brass without any addition of zinc. A blacksmith, 
for instaiice, will generally nieud a broken key as follows, and thia 
will bo a sufficient example to guide the amateur in any similar 
case. The broken pieces are to be first dovetailed, or scai'fed, or 
otherwiEB HO fitted that they can be held in their places in close 
contact by a twist or two of iron wire. The metal should abjo be 
cleaned with a file. Brass binding wire is now to be wrapped i-ound 
about the place of intended junction, so as to make a knob, or 
Niuall ma.'jH of metal. The actual quautity of wire required depends 
npon tlie size of the fracture ; but it must bo remembered that when 
the wire melta it will occupy tar less space than when thus rou^ily 
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wound. The whole is now plastered with boi-ax mode into a paste 
ith water, or the dry powder may be uaed, and the metal is then 
held over a clear forge fire, but Hhould liardly touch the fuel. 
Fresently the boras will swell up considerably, unleaa (which ia a 
good plan) it has been previously fused, ao aa to drive off the water 
naturally present in it. When this swelling of the salt baa sub- 
sided it will mu like glass in amongst the wire coils and upon their 
BiirCice, and shottly aftei" the wire will itself fuae with the 
trance of a blue flame, which lu»t announcetj the vaporiaing uf 
the zinc in the brass. The operation ia then completed, and the 
whole being removed from the fire, needs only to be cleaned off 
th file and emery ; and if the work has succeeded as it ought, 
there will only bo visible a thin lino of yellow metal in the juiut, 
and the latter will be almost as strong as the rest of the piece. 



Let it be desired to braze together the parts of a small boiler of 
copper. This, if of the simplest form, ia merely a short tube of a 
diameter nearly equal to its leogtb. Cut a strip of metal sufficient 
; for the purpose, filing the edges true, so that they will meet aocu- 
L lately when the piece is rolled uj] to form the cylinder. Tie with 
I loops of fine iron binding wire, as in Fig. 83, having previously 
I cleaned the parts that will be near together, — suy, a quarter of an 
I inch wide of each edge. Along this seam on the inner brightened 
I part lay a line of thick borax and water about the consistency of 
T cream, by the aid of a feather or flattened wire, and upon it a line 
\ of granulated spelter. Holding the tube in a pair of light tongs 
f over the forge fire, let the borax quietly fuse until it lays bold of 
I the grains of spelter, when the tube should be turned over and 
I heated on the other sido* to equalise tlie tempei-atuve ; then turn 

* It will be better te heftt the oppoaite side &nt. 
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it over ADt) geiitly urge the fire until on \oo\ting tnlo and through 
the tube tliH blue fliirae is secD — a proof, aa before atal«d, that tba 
Boliier hu8 flushed along the joint ; gently lapping the tube will 
inoi'e surely establish the Bpelt«r in the seam, but the wbole must 
be amoved at once, or Uie tube vnll melL The latter may now bn 
drawn, filed, tniiied, or hammered as if made of one oontlnnous 
piece of copper. The ends of these small boilers are usually cast 
bruBs, but it is just aa well, if the tubular part ia of copper, to 
make ends of the same material ; and, be it remembered, copper 
iH selected because under pressure excccdiog the tenacity of it< 
oouatiiuent (larlicles it will not burat and By about dangerously, 
but will rip and tewr like paper. The ends, therefore, being aup- 
jwwd to be memly circular piec«a cut out of a alieet of metal, may 



I 
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be fixed as fnllows, the joint to be described being very strong 
The sau e kind of joint may of course be used instead of the butt 
iuiiit (before noticed). Buth are, however, given for the clearer 
nndem landing of the method of brazing. .J 

The edges of the tube at each end are to be snipped withJ 
oppositely inclined cnts, ns shown in Fig. 8i. Every alternate [ 
piece of metal is to be bent inwards, aud upon these the circular 
piece is to bo laid. A cylinder of wood or metal is then iuserted 
in the tul'e as a stake or mandrel, and the alternate slips left 
standing are to be hammered closely down ujion the bottom piece 
Borax and spelter are then to be laid rouud inside the tube, and I 
the heating ia to proceed as before, after which the joint can be | 
hammered and filed, or tuiDej quite level end smooth. 

To fix in the other end a somewhat different mode must bo J 
practised, as it cannot possibly be brazed from within. The easiest ' 
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method is to make quite level the ead of the tiilw, cut tlie circular 
piece rather larger, so that it will ptnject & quarter of ao inch all 
round, and secure it with wire, m in Fig. 83. Round this projecting 
ledge of the bottom (or top, a« the caise may be) the borax and 
Bpclter are to be laid, and the whole held over the fire as before 
When the apeltsr has run, the extraneoua part can be cut off in the 
lathe, or with the file. It is possible to fix the second circulur 
piece within the tube, as in the firat case, by taking care to fit it 
tightly, and to leave it a little below (or above the extreme end, 
According to the position of the tube) ; but in this mode only a 
little caa be brazed at one lime, as the tube muat be laid upon its 
, Bide and rolled over as the work proceeds ; whereas, if done aa 
described, the large ciroul.ir end being downwards nest the fire, 
the spelter can be mide to flush all round it at once. In point of 
&ct, the second end of a boiler f^r a model does not need brasiing, 
aa, if made the top, and therefore out of reach of t!ie flame or fire 
by which the water is to be evaporated, ordinary tinmao's solder 
may be safely used, and mora choice can be made of the particular 
form of seam thitt may appear appropriate. It matters not what 
article is to be hard soldered or brazed, the process is always the 
same, modified only by the size and shape of the material. The 
art ia of too great value not to be well worth acquiring, and a 
(teady hand and good eye are the chief requisites After a tube of 
brass or copper ia thus soldered it ia usually cleaned by being 
dipped or pickled in a mixture of sulphuric acid and water. This 
cleans the surface, which may then be polished with rotten-stone 
and oil, and afterwards lacquered, a receipt for which will be given 
at the end of this series. If the whole of such a boiler is of copper, 
the sockets will have to be soldered into the top, into which should 
«crew the va,rious fittings. It is, however, better to make the top 
of a plate of cast brnsa, which can be turned in the lathe and 
idritled and tapped aa required, thus avoiding the necessity of 
soldering. If the amateur is likely to engnge extensively in model 
. making or other work requiring brazing, it will become absolutely 
Siecessary for him to purchase a small foi'ge (a portable one is con- 
veuieDt), or to arritnge a blowpipe tuble of some kind which may 
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1h- u->e(l with a amall blacklnJ furnace made to ttaad on the fable 
and RQi'plied with coke and cbamMtl fiiel. Tbe same blowpipe 
Uible will amwer for a direct blast throvgfa tlie lamp for fine work 
and fur glaHablowiog, and ia, npan the whole, one of ihe moat 
generally tuefol contrivancea pomible for the production of heat. 
In making obucka and lathe apparatus, brs&og and soldering 
are very largely employed ; the latter sometimes as a temporary 
expedient only, to hold together parts of apparatus which can then 
be drilled, tapped, and fitted with screws withont any cli&iice of 
liliifting tlii-ir |)OBiiion, and after being thus fitted tbe application 
of hi-'iit will enable them to be separated, and the solder will wipo 
olf quite clean. 

It is not often that working in lead, pewter, gold, or silTCP 
comuH into the liat of amateur workshop operationa, which are 
gi^ncrally confined to minipuliitiona in wood, iron, or steel, and 
brnjw or gun metal. It is nevertheless well to know something 
iif the method of Holderlng these; especially as in the attempt to 
rci]<air muoIi articles as pewter and Britannia- metal cofiee-pota and 
the cheap electro- plated ones, another bote may result from thfl 
iipplicatiun of the solder to repair that which first existed, thfl 
metal itMC'lf being of easier fusibility than tinman's solder. Lead 
may be »()ldered with the common copper-bit used for tin, or by 
])Ouriiig from a ladle melted solder upon the parts to be united. 
If it is dnnired, for example, to join together two pieces of pipe, 
thuoc may be lile<l to meet in a butt joint, Fig. S6, mitred or scarfed 
(87); or the boxwood plug, Pig. 89, may be used to open ona 
pipe, Fig. US, and the other scraped to a conical form and inserted 
into it, the two may then be soldered and a strong joint made. 
The plumlmr invariably limits the extent to which the solder shall 
reach upon the work by painting that part which is not to bs 
ooverod by it with soil, a mixture of lampblack and size (or thin 
glue). The part on which the solder is desired to take effect is 
then aorapod clean and bi'ight with a handy little tool called a 
■have hook, iijproHented in Fig. 90. It is merely a small tri- 
angular piece of steel with three sharp edges, attached to a central 
vlro Bloin terminating in a handle. The inside of the triangle 
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■Jb fl»t, tlie oiitniJe Bomenhas I'oiinded and bevelled aft to form tlie 
■ cidgea. Tha pnvta to be joined beiag in position nod gri^ased with 
B.tallow OB a flux, the plumber takea in his hands a tliick pad of 
htickirig, greased j and holding it iioder and close to the pipe, an 
Jassiatant gently pours upon the latter some melted Eolder, which 
ssed into shape upon the pipe by means of the pad. This is 
Vifui'ther shaped and improved by the plumber's aiildering iron, 
ft-PJg. 91, which is wholly of iron and not tinned. The joint ia 
Bsonietitnes made smooth, sometimes striped, but nearly always lelt 
■in shape like an egg. In flne work, such as soltleiing together 
■Bmall strips of lead, the ordinary tinmin's copper-bit id used, with 
(tallow or resin. The plan of soiling always gives a neat appear- 
to works ia lead, as the solder ends in a clean bright line, 
while the lead remains of its ordinary bluish, liull grey colour. 
('7he hook at the end of the plumber's iron is merely for the 
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Gnl1i|>oIi oil. This metal (pewUr) is not unfrequently used to form 
collars for lathe mandrels, for which purpose, if of good quality, 
it answers fairly. The mandrel being placed iu position in tha 
])np|<ct^head, and the two placed on end in a bed of sand, the 
metal is molted in an iron ladle and poured in round it. When 
cold it is smoothed off fluah and even, and if the mandrel has first 
been slightly oiled, it will tnrn round with great ease, and there 
is a peculiai' greaainess in t!ie pevter which gives a p'easant 
Hmoothiieas to the running of the lathe. This will last a long time, 
and i» CHsiij renewed. The writer knows of a lathe in constant 
use by a gaxfitter thus mnde with collars of pewter, and it is fouod 
to Btand work admirably. There are many similar cases in tha 
niechanical arts where collars are required, which may be thtu 
arranged as a matter of convenience, although it cannot be pra- 
teuded that for permanent work pewter is preferable to steel, or 
even gunmelal well bored and fitted. The lathe alluded to here 
was Gtted with collars, made by melting an old teapot, which may 
possibly have been of Britannia- metal — a compound of tin, 
antimony, brajs, and copper ; thia would be hai-der than ordinary 
jwwter. The maker, however, believed it to have been made of 
pewter, and the latter will certainly answer the purpose admirably. 
The addition of antimony would have the advant)ige of preventing 
the metal from shrinking ao much in cooling, and thus making tha 
collars too slack, as nutimony has tlie peculiar property of expand- 
ing when cooling after having been melted — it also gives to alloya 
a greater degree of hardness. 

Articles of gold and silver are generally soldered with the blow- 
pipe, and, being chiefly found in watches, jewellery, and similar 
manufactures, need not be treated of here, except for the purpose of 
mentioning that gold is generally soldered with ^ver, diaun into 
thin flattened wire, or both soldered with pure tin, with Venice 
turpentine as the flux. Tinfoil, as wrapped round tea and druggists' 
nostrums, is very handy for such work as brooches, pins, aod small 
siiiicles in general. The annexed table will oe found convenient, as 
showing at a glance the soidei-s and fiuxes fur the inelals likely to i 
be nsed in the workshop : — 
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It is scarcely worth while to treat of the use of rivets, by « I 
pieooe of sheet metal are bo commonly nnited. They are madi) of 
various metals, according to the ose for which they are designed. 
Sometimes, as in boat bailding, in which copper rivets are used, a 
washer is slipped over the end after it haa been placed in position, 
and the second head ia formed by light blows of a hammer upon 
the cold metah In other cases, as boiler making, the rivet is used 
red or white hot without the addition of a washer, one workman 
holding a sledge-hammer agunst the head, while a second, with a 
riveting hammer, spreads and forms the end. In this case, as the 
metal contracts in cooling, the joint is drawn very close. No heavy 
work of this class is likely to be undertaken by the amateur, by 
whom copper rivets, as being most easy to manage, will be used. 
If these are used with copper, or tin, or brass, and the rivet hole 
is required to be steam or water tight, they are easily coated with 
a little solder or tin. 

Lacqui&nng Jirass. — However well-finished brasswork may bo, 
it soon becomes tarnished by exposure. As a protection, and to 
add to the finish of the work, it is usually coated with a vamiah of 
lacker, or lacquer. First, it must, if flat or without mouldings, be 
polished by emery of diflerent degrees of fiuenesd, and further 
Bni^hed by the application of rotten-stone and oiL The latter 
having in turn been cleaned off, dry rotten-stone should be used 
with a clean wash-leather. The article should then be placed 
upon a stove until almost too hot to be handled, when the lacquer 
js to be applied with a small brush, the best being a camel's hair 
paintbrush. The lacquer is thin and flows readily, but dries 
quickly. It should therefore be laid on by straight strokes of the 
brush given evenly and carefully, but with moderate speed, and the 
lirush must be kept moderately full by being constantly replenished 
as it becomes empty, A little knack is required to lay 
coftt, which, however, any one who can lay on a flat wash in water- 
colour pwuting will find no difficulty in effecting even 
extensive surface. It must be remembered that any, even the 
slightest, greaainesa will be fatal to the application of the lacquer, 
niid after the final buffing with dry rotten-stone the fingers even 
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) potished surface. Tn the end of 
i given for making lacquer ; 



should be carefally kept from 
this Heries one or two recipe 

but the amateur would generally eave much trouble, and be o 
likely to insure success, by purchasing it ready-made. It is sold 
of various tints and depths of colour by Holtzapffel and others. 
Turned brasswork is of course treated similarly, but lacquered 
■while in the lathe. The heat is obtained by friction in polishing, 
which, if the rubber ia vigorously used, is quite sufficient for the 
purpose, but the lacquer will dry more slowly. Cast works in 
bmsa the amateur must not expect to fioish up with alternations 
of brilliantly -burnished and rough parts, as done in Birmingham. 
This requires much practice, and there are secrets of the trade 
not accessible to outsidere. Nevertheless, the game style may be 
maaaged iu a quiet way ; and it is a very neat mode of finishing 
models in which, from the form of the castings, parts cannot, 
perhaps, be turned or filed to a smooth surface, but have to be left 
rough as they came from the sand of the founder. The following 
is the process : — The casting is first of all cleaned by being placed 
in a bath of nitric acid one pari, water three parts, in which solu- 
tion it is to remain an hour or two. It is then to be removed, 
washed in water, and well scoured with a hard brush with the aid 
c^ sand and water. It is now to be carefully washed again, and 
before the atmosphere has time to act upon it, it is to be placed in 
a basiu of clear water till the dipping acid is ready. For this, 
eithei' pure undiluted nitrous acid is used, or equal parts of nitric 
and hydrochloric acid, forming aqtta regia, which ia a solvent for 
pure gold and platinum. The casting is to be taken out of the 
water and dipped just a second or two only in the above solution, 
and immediately withdrawn, washed in two or three waters, and 
dried by beiug placed in hot sawdust of beech or boxwood. It must 
then be at once varnished or lacquered, to preserve the surface 
from tarnishing. If any part or parts are to be left quite bright 
they must be quickly burnished with a steel burnisher before the 
lacquer is applied. There are, aa above stated, lacquers of different 
colours, and in addition various other varnishes sold under the 
name of japan. The true japan is of great beauty, being a splendidly 
p2 
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brilliuit and durable black ; but as it requires the aid of 
stove, it is nnt likely to baused by the amateur. Brunswick black, 
on the other hand, is aimply a varnish of the consistence of paiat 
and Himilarly used. It i^ a fair substitute for the fi.r3l, if vamixbed 
after it is dry. Another browniah black varnish, also called japan, 
a that used generally for tin vessels for household use. It is very 
bright and clear looking, Recipes for the above will be given. 

Bronting is another method of finishing cast-irou or brass 
articles, giving them a greenish and golden appearance of great 
beauty. This is often clfocted by simply painting with the above 
colours, and giving a final coat of some clear varaish. The real 
bronze is produced by the chemical action of an acid on, the metal 
itselt After this has ceaaed the article is washed, di'ied, and 
rubbed with black lead ; then lacquered with greeuitjh transpaieut 
varnish. 
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MANIPULATION OF WOOD. 

This must of necessity be treated of briefly in the present 
Beries, not that it requires less care and skill, but because, with 
a few exceptions, amateur mechanics do not practise carpentry oa 
anything like an extensive scale, their operations being, in a great ' 
measure, confined to the lathe. 

We propose, in this place, therefore, to lay down certain general 
principles on which depends the goodness or badness of such work, 
giving only such details as Heem to be absolutely necessary for the 
elucidation of the art. When we casually examine any 
simple piece of carpenter's or joiner's work, it impresses ns with 
:he idea that carpentry ia, after all, a very simple matter ; and so 
3, but nevertheless is a trade which i-equires to be not only 
nt theoretically, but practised for many years before anything 
like excellence can be attained. Yet, when we come to details, we 
are inclined to ask in whut lies the difficulty ) Given half a dozen 
iquaie or oblong pieces of planed deal, and a couple of dozen nails 
of a suitable size, and what forbids to produce a boxl 
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It is just the correct preparation of those pieces which conati- 
tutea the dlfBoulty, To begin with, the angles of the box, and 
consequently of the pieces of board to be used in its construction, 
muat be right angles, Each piece, therefore, must be accurately 
marked out, correctly sawD to a line, and planed up truly on all 

Novr, if such pieces are cut by a carpenter, these conditions are 
pretty sure to be fulfilled. If an amateur, not yet versed in the 
art, makes the attempt, the name conditions are fulfilled very 
seldom, indeed. It may consequently be laid down as a rule, that 
any one who can fulfil the above requirements has learnt the maia~ 
principles of the art of carpentry. If they can cut and plane up, 
accurately square, such pieces as require it, they will find little 
difficulty in luiikiiig ■.u\y :,viw\<i they require. 




It 13 !ve more ewy to (.lane tlie flat aidcB of a piece of board 
tlian the nil^es , jet these are of equal or greater importance, and 
the best method to work is to mark hoih sides of the piece where it 
can be done, and cub by chisel, saw, or plane, as the case may be 
to both these liues. 

An example will, perhaps, moat fitly serve to elucidate the prin- 
ciples here laid down : — Fig. 91 may represent the aides and ends 
of a rectangular box, put together with dovetails. The pieces will 
be probably cut from the same hoard, Fig. 92, and are to be marked 
off by a pointed steel soi'iber, Fig. 93, used against the blade of a 
square shown in position in fig. 92. A pencil will make a line on 
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the wood, bat for accurate work a scriber ia better, because it I 
its point longer, and makes a finer line. The first piece ia marked 
of the exact length required, if the extreme end of the boaid has 
been squarely cut — if not, or if this end will require subsequent 
correction or tracing, a little ia allowed for wftste. If all the pieces 
are consecutively marked before any are cnt, all the rest must have 
an allowance for the saw-cut, that is to say, the waste caused by the 
thickness of the blade, or the set of the teetb. Thus, in Fig. 92, 
the lines show the marks of the acriber, the dotted lines the saw 
kerf always on the same aide of the lines, and the latter are to be 
left, aod not cut out by the action of the saw. Those pieces whicli 
are to be of equal length are then usually screwed up together in 
the bench vice, and trued with the plane as if one piece. The 
advantage of this method is, that the sole of the plane has a wide 
bearing, and the pieces are therefore more likely to be planed up 
square and true on the edges — a failure in this respect being fatal 
to good work. For greater accuracy in planing the ends (across 
the grain), for which a special plane ia used, a second line is drawn 
with the scriber and square, just within the rough edge produced 
by the saw, to which line the board is accurat«ly planed. If a 
similar line ia drawn on the opposite side of the board, at exactly 
the same distance from the edge, and the wood is planed to both 
marks, the edge will be rendered truly square, unless the two flat 
aides are very incorrectly iaced. It must be remembered in every 
case that the correct preparation of the component parte of any 
work is of paramount importance. So subsequent operation will 
make up for inaccuracy in this respect, nor ia it possible to make 
a good joint, either dovetailed, mitred, or nailed, unless the amat«ur 
hus first learnt to work accurately to a line, and to aquare up the 
edges of a piece of board. 

Another point may also be noted in this place, namely, the 
importance of not cutting off the lines marked as guides for the 
saw, plane, or chisel, until after the pieces are fitted together. 
Once lose your landmarks, and you no longer have any guide for 
such trimming and adjusting aa is generally required after the main 
work of plauiDg and fibticg is done. 
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Sopposmg the pieces accurately cut out an above directed, the 
dovetailing ia then preceded with. If it be a box that is required, 
the pins of the dovetails are genarnlly made ia the two end-piecea. 
Let these be represented in Fig. 93', With the equare and scriber 
draw a lino across the board at each end, and on both sides, as &r 
&om the edge (and a trifle more) as the thieknege of the stufT used, 
as A B, Mark off with compass the points e f g k, and those on 
the narrow end of the pins, and also rule the lines abed, and 
those on the other side of the board e/g h, parallel with tfte sides of 
the board, and as far as the line A B. Connect these to form the 
pins as shown. There h no absolute rule for the shape of these or 
their number ; sometimes they are wide, sometimes narrow and 
FIC 93B ^ ^ FIG.B4 , 




numeroua They should not be loo angular if of deal, as they are 
apt to split off and make bad work, and the outside spaces A B, 
Fig. 94, should be rather wider than those between the pins. 

It is always well to mark each piece in respect to the place it ia 
to occnpy in the finished work. The face shown in the last two 
figures is the outside, the largest faces of the pins of the dovetails 
being inside the box. Fig. 9i shows the pina after the inter- 
mediate stuff has been cut out by the saw and chiael. It will now 
be necessary to proceed to the formation of the dovetails, which 
have to be out in the front and back pieces aa follovB : — These are 
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reprmented in Fig. 95. The line A B ia drawn oa before on buth 
sides, bat exactly at the tliickuess of the wood from the end. The 
piece on which are the pins ia stood upright upon it, with the 
liroad aide of the pina upon the line jnst drawn. The acriber 
thea used to draw close round these pins, so as to mark out their 
exact shiipe upon one aide (the iTuiide, which should be labelled as 
such), With the compasses it will be better to transfer the 
BUrementa and lines, so as to mark the form of the dovetails on the 
other side ulso. This is to insui-e the edgra on those internal aides 
of the dovetail formed in the thicknesa of the wood, being cut at 
right angles to the two flat sides. It need hardly be mentioned 
that the dovetail, or thin saw with brass back, is to be used whero 
possible, and a thorp chisel in other places ; but it is worlA whiU 
to state tbat on no account a/re the lines made by the tcriber to he 
effaced or cut into, or the pins will be too alack in the dovetails. 
The ioude of the latter, too, on the line A. B, must on no account 
be convex or rounding, but either quite flat and square with the 
face, or slightly hollowed, so as to insure the close contact of the 
joint upon the line A B. It is plain that if this is not attended 
to, the finished box cannot be either strong or shapely, for nails ai-e 
not to be used, norputti/, which may be called the slovenly work- 
man's friend. 

Dovetailing is so neat and strong a method of joining pieces at 
right angles, that it should be practised frequently. Any odda 
and ends of pieces of hoard of different thicknesses can be profit- 
ably used up in this way. Before proceeding to speak of other 
kinds of dovetailed and mortised joints (most useful these to our 
amateur organ-buildera), wa shall givealittle advice in the mutter 
of tools. It ia of paramount importance that, however few or 
many there may be, they should be of good quality. To those 
residing in London, Manchester, or any such large town, all that 
need be said is, go to a firat-class shop, a regular tool-shop, and not 
to an ironmonger. To those in the country, sad experience 
compels me to say, eschew local tradesmen, and send to London, to 
Holtzapffel, Fenn, Buck, or other such trustworthy shops. Those 
named keep no bad tools that I tuu aware of; at any rate, I never 
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found one at either place. In spite, moreover, of freqaent advice 
to the contrary, I feel half-jnclined to add, buy a toolbox fitted, if 
j/ou go to either of the above dealert. If not, get a box mnde to 
take the followiog tools, and keep the latter clean and bright, and 
always sharp and ready for use. Amateur's tools are seldom in 
even fair condition, and hence o/neceasUt/ the work done is rough 
and bad ; — 

One Hand-aaw, — 23in. to 26in, long. If not to fit into a chest, 
the longest will be the best, 

le Tenon-saw. — This, if of medium size, wilt do inateatl of the 
next 

One Dovetail-aaw. — Which is a diminutive of the last. 

One Keyhole-saw, — May be used to cut curves, but is inferior 
ibr this purpose to the next. 

One Turn or Sweep-saw. — This has a frame of wood, and very 

irrow blade.* 

One Jack-plane, One Trying-plane. — The first may answer for 
both ; but for first-rate work the second, which is longer and kept 
finer set, is necessary, and also for very long joints. 

One Smooth ing-plane.— This is a small single-handed plane, 
useful for finishing off work. It is no use in planing a long straight 
edge, as it can dip into hollows and rise over hills, while seeming 
to plane a true surface. 

oe Square. — One of the Hne-qud-noTia, Let the blade be 
Gin. to 9iu. A small one in addition is handy, but not esaeutiat. 

Chisels and Gouges. — Mortising chisels from Jin. to lin., and 
paving chisels from Jin. to l^in., or even 2in., and two or three 
gouges, will be found indispensable. If it ia necessary to use 
blows with these, let them be always given with a 'wooden mallet ; 
a hammer damages, and splits the handles. 

One Mallet. — Those with iron head sockets, plugged with box- 

• The Iftrger frame-BSw o£ similnr ehapa to tha above ia comraonly ueed 
obroad in place nf tbe band-saw. A friticd of ths writer, who has practiaed 
OKtpontry in German;, S'tya it is an superior in ease and a^eed of wurk, that he 
invariably uaei it iuBtead ot the bonil-aaw nheiavcr the frame duea not 
prohitut it. 
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work. 

One Heavy Hammer and One Small ditto. —For small nails and 
ligbl work, a heavy hammer is nseleas. 

Ooe Scriber — Already described. 

One Spokesbave. — A. kind of plane for hollows, and of very 
extensive use 

Three Gimlets and Three Brad-awls. — Three 
Twisted American ^mletd do not split wood, but for oak and 
hard work the old pattern is tha best. 

Three Augers. — Three aizes, Jin., |in., and lin., and perhaps 
auother IJin. for large holes. 

One Brace and Bita. — A very useful set of thirty •six bite of 
various kinds, for boring holes, with oflen a rimer to enlarge holes 
in metal ; a countersink to let In screw heads, and not unfrequently 
a screwdriver. 

With the above alone a very estensive and varied amount of 
work may be done, and even of theae the regular set of brace and 
bits may be replaced by a plain iron brace, fitted with half a dozen 
centre-bits of assorted sizes ; but if chests of drawers, cabinets, 
and Buch like, are to be attempted, or, in any case, if the purse 
will bear it, there should bo added to the above — 

A Skew Iron Kabbet (rebate) plane. 

A Plough with a dozen Irons. 

A Pair of Match Planea. 

The cutting iron of the first, which is a very narrow plane, 
oompared with the jack or smoothing plane, is fixed at an angle 
instead of square across the stock. lu this j^msitioa it will out 
across the grain, which is often necessary in forming a rebate (a 
rebate is a rectangular groove, a recess such as the glass lies in a 
window or picture frame). Another plane, called a side fiUister, 
will answer for rehatiug and grooving, having stops to regulate the 
dopth and width of the cut It ia, however, more costly, and much 
can be done with the common rebate plane. 

Axe. — If only comparatively light work is contemplated, a small 
Biuglc-huudcd axe should be had, but it is excessively disvgroeabia 
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to find this tool, from being too liglit, springing off the work, and 
the reader b sti-ongly udvised to err on the side of nverweiglib, 
ratlier tlian on the other. 

Gauge. — There is the simple gauge with one point, and the 
mortise gauge with two, thiit can be separated to any given widtli. 
The last is solely for markiag miirtises : the first wilt do thia almost 
fs well, besides being useful in other ca^es. A simple gauge, at any 
rate, should be had. 

Oilstone, 

Tliere is no occasion to add to the above tools, unless veneering 
or moulding is to be done — for the latter, a special plane, with a 
set of variously -shaped irons (of the special pattern reversed of the 
design to be cut), is required, and a beading plane or two, the irons 
of which have semicircular hollowed edges, forming a raised bead. 
In describing some few operations in carpentry, detailed descrip- 
tions and drawings of some of the above will be given. It is, of 
course, aa said before, essential to have the tools in a state of con- 
alont excellence, and a few remarks will be made on grinding and 
setting them. Of oil-stones, the writer prefers the Arkansas, a 
white American stone, which, if good, cuts rapidly and finely, A 
good Turkey oil-atone is rare, and accordingly precious. 



SHARPEHING AND SETTING TOOLS. 



8 chisel or plane-iron belonging to a good carpenter ia 
examined, the edge will be found to take the form of Fig. 96 — • 
that ia to say, there will be a long bevel formed by the griudstone, 
and a smaller and brighter one at a somewhat more obtuse angle 
due to the action of the oilstone. In the figure these are simply 
exaggerated a little to render the form clear, but it ia to bo noted 
that the faces of them are Jlal, not rounding. The larger bevel, 
Is, indeed, somewhat hollow, owing to the form of the grindstone, 
but the smaller b entirely a level surface. The nest figure displays 
tlie edge of a similar tool badly sharpened; theie is no level fa«e, 
sor am two distinct planes seen, but the whole of the bevel forma 
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• ennwlar r(ian<k<l nirfiu« totally nofit for the production off 
work. Nov tliii error is due to the uatonl mOTement of the enaa, 
vhicfa tend to bring the tool into varied mgiilBr poeitioiis opon 
the oiUlone, the angle being greatest when the tool is nenreat to 

, tiie operator, and least when at the greateet dittance, A. B C, Fig. 

I M, in Thich the workman is anppoaed to be standing at D. This 
tnt must be orercoma bj patiaat praotioe^ the principlo befog 



ncs: 




underxtood. Tt is evident that the tcTidoncy to be aimed at is the 
raising the handle diijhtiy as the tool moves farther froia Iha 
person, instoad of allowing it to take the positions shown ; ail 
guides are to be diacai-ded, both for the grinding and setting. 
They are as bad as corks and bladders in teaching a person to 
Bwini, for it becomes exceedingly difficult to do without them, and 
it is evident from the daily practice of carpenters that, however 
difficult the right method may be to acquire, it is by no means 
impossible, and is moreovar of absolute necessity. Square the 
elbows, let hand and arm have freedom, grasp the tool above with 
the right hand, so &a to bring the fingers tmderneath it, and let the 
fingers of the left He together and straight upon the upper side^ 
their ends tolerably near the edge of the tool, the thumb being 
underneath. The tool will be thus held firmly and also under 
control.* Btand square at one end of the stone (which should be 

* HolUupBel givoe a different way, the reverse of this. He says Qie first J 
fluguT ouly of the right hand Bhould be above, and Che thumb and leat of thKa 
fln((«n bolaw, the left hand grasping the right, with the finger above the toot ■ 
and thumb below, It li probably in great measure a questioa of habib 
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iter on a low thaa high bench), and hnving wiped it cle&u, 
upon it a few drops of good olive oil, and after 
liiitle cai'eful practice aoccesa will be oertaiu. 
mechanical journal has lately 
of paraffin instead of oil, the atone being first curefully freed 
from grease. The writer tried it ; but, to say nothing of the 
ill, he doea not think any advantage ia gained by 
the use of this liquid. N'eatafoot oil ia alao said not to thicken 
upon the stone (it ia thick enough naturally in cold weather), but 
the flask oU ia, after all, probably the beat, and ia generally used ; 
sperm oU ia alao limpid, and much used for aewiog and other 
machinea. Of the various kinds of atone ofiered for nale, no 
doubt a good Turkey oilstone over 2in. wide — in fact, as wide as 
.can be obtained — is the best. But it ia very difficult to meet with 
i«ne neither too hard nor too aoft ; and not unfrequently a atone 
otherwise good will be found to have a apot iu it harder than the 
test, over which the tool slips, and which soon fornia a lump above 
the general level of the aurface. Upon auch a stone no tool can 
be brought to a good edge ; and a very hard stone, again, grinds bo 
,>Blow]y as to waste time and labour aadly. After trial of various 
.kinds the writer finds the Arkansas, if carefully selected, answer, 
above stated, all purposea admirably. It cuts keenly, and, if 
lected of not too coarae a grit, will 8]>eedily put a fine and smooth 
upon any tool applied to it. In the country it is aometimea 
ifficult to meet with, but Fenn, of Newgate-street, or Buck have 
f^Bi^ supplies, and can always be trusted to select for any amateur 
iving at a distance. Oouge slips are also obtained of the same 
We have hitherto said nothing of the grindstone, although 
necessarily precedes the use of the oilstone. For planes, chiaela, 
similar tools nothing can exceed a good bilatone, 24in. at 
leaat in diameter, and S^in, or 3iiL in width. Such a stone can he 
moanted upon an axis with a Sin. crank and used with a treadle, 
being heavy enough to continue in motion, notwithstanding the 
pressure of the tool, even when the latter ia a broad plane-iron. It 
is necessary to use water ; consequently, the atone must have a 
trough beneath, and this should be hinged at the further end BO 




Attached to the fi«me of the grindstone, and capable of some little 
K^inMtment as to height and distance, mnst bo a Btrong rest of 
wood or iron to aseist in supporting and keeping the tool firmly in 
poHition. Tho Fig. 9D, from Holtzapffel, will show at once rhe best 
form of mounted grindstone for the aioateui's use, although he may 
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fit np one on a similar plao at a conaidcrttbly lower price thaa is 
charged for the one ahowii. Let it be observed, ho'vever, that a 
stone badly mounted, and which does not run truly, ia not only a 
disgrace to the owner but abaolately useless. The greatci^t care, 
therefore, should be used in first setting it up and in afterwards 
keeping it in order. 

If the amateur can spare time and a few extra shillings, let him 
by all means discard the clumsy square axle and wedges. Let the 
central hole be plugged with a piece of boxwood bored truly at 
right angles with the fiat face of the slooe with an augur, and let 




therottnd axle be mode with a fixed and a movable dange, as in 
the Fig. 100, where A is the stone, B the asle, with flange (C) 
fixed, and a second (D) made with a central hole, to enable it to be 
Hcrewed against the stone by the nut E. F F ara washers of 
willow or other soft wood to increase the grip of the flanges. This 
is the method recommended by Holtzapfiel, especially for large 
stones ; and although it is by no means impossible to mouot them 
truly and firmly with square axle and wedges, the other method ia 
so vastly superior as to be well worth the additional cost. If one 
end of the axle ia made into a crank to use with a treadle, it is 
a good plan to have the opposite end squared for the purpose of 
fitting on an ordinary winch-handle, which may be sometiraea 
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HMessary wtien the work is heavy, especially in turning the atone 
true with li bar of eCeel, when, from unequal una of its surface 
the lutter h«a become uneven and out of round. 

Jn grinding plane-irons, chisels, and similar tools, the stone 
should turn towaidsthe operator, and the tool should be held very 
firmly and quite squarely upon the stone at a point sufficiently 
nour ita upper part to allow the tool to be in a nearly horizontal 
position while its bevel lies flat upon it If it is held too low, so 
that its handle points downwards, the water from the stone will 
run down the hands and arms, which ia decidedly disagreeable, 
esjwcially in winter. In addition, the tool cannot be so firmly 
held, nor the work so readily seen. Gouges may be ground in a 
Biotilar position, or (which is more easy and leas likely to damage 
the stone) at right angles to it, i.e., in the same direction as the 
axle ; they must be rolled over backwards and forwards as the 
operation proceeds. Keep the edges of the stone in use by coti- 
fltantly traversing the tool across its face, and never try to hurry 
the work by grinding to a more obtuse bevel than that made by 
the manufucturer. This ia, indeed, generally rather more obtuse 
than it ought to be, and carpenters reduce this angle, and then 
the second bevel formed by the oilstone {as already described) 
restores it correctly. In grinding planes and chisels, especially 
the first, it is as well for the amateur to make use of a square to 
test the correctness of the edge, otherwise the latter may not be 
truly at right angles to the side of the tool. 

The Use of the Piin«.— Much of the difficulty which amateurs 
experience in using the plane arises from the latter being badly 
set for work. If either corner projects beyond the general level 
of the sole of the plane, this will necessarily score grooves or 
channels. Hence the extreme angle should be slightly rounded 
off in sharpening the tool. The same deleterious effect will be 
produced if the plane-iron ia not ground truly square, and hence 
the caution already given on that point. The smaller or break- 
iron, whose office ia to bend up the shaving somewhat sharply to 
insure the cutting of the other iron, and to prevent its splitting 
off the surface of the work, should be so placed as to come withia 
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L be determined by looking 
r-with the point of the same next 



! of the cutter for roii<»U 

or finwhiiig woik. Tlie 

I that the edge projects 

ilow tlie sole. The |)OMitioii can only 

ifully alung the bottom of the pluue, 

the eye, aa in Fi.;. 101. The 




will, if correctly funned and jihiced, appear quite parallel 

»ith the Bole. It is then i-eady for use. The same rule up|)lie8 

o the small as to the large plaaea, except that in the jack-plane 

he iron projectn rather more, as it Li used for roughing down a 

I surface. The trying plane, which is longer, and intended for 

I edging boards which are to be joined lengthwiae, ia always very 

l:&ie]y net, and the mouth is narrow. The brQak-iron in also Net 

\ very close down to the cutting edge. The longer the plane the 

more accurately level and true will be the work done by it. The 

jointer plane ia thus still longer than the trying plane. That 

used by the cooper for ji.inting the staves of casks is longer still, 

flo ihat it is leant against a stool or other support, and the work 

itself 13 taken in hand and moved to and fco along its sole. Aa 

it will be useless for the amateur to attempt the construction of 

any work, except of the roughest chai-acter, until he can [ilane a 

piece of board accurately on all aides, keeping the edges sijuare and 

and sharp, thegreatest attention should be given tn the use of this toul. 

It has been once or twice proposed by different writers in the 

"English Mechanic" to add a guide to the ordinary jack or trying 

plane to enable the workman to insure accuracy in planing edg^ 

of boards at right angles to the sides. It is probable, nevertheless, 

that the method commonly followed of having these guides 

unattached and distinct, forming ''shooting boardw," " mitring 
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bloiiks," atii " mitre box^s," b the best adapted for thi 
jiarpoBeR. They are at any rate of simple conatriiction, 
made to suit any special work in hand, and, being in 
attaolied to the tool, the latter can be used for ordinarjr purposes 
without altorutiou. These guides, with the mode of using them, 
■will be referred to agaia presently. Of late years, planes entirely 
of metal, aa well as those of wood with metal soles, have 
into use, but by no means ao extensively as might be suj 
from their real excellence. It takrts long to persuade the countr] 
carpenter that he may leave the old "groove" with safety and 
advantage to himself and his work. Where a fair trial has been 
given however to the above tools, their superiority has been quickly 
recognised. A builder of experience, known to the writer, carries 
one of the small smoothing planes in bis pocket constantly, end 
although it is but a doll's tool in ajipe^rance, ho uses it extensively 
in nicely adjusting the fit of work of various kinds, and aa it can 
be set exceedingly fine it answers for planing across the grain at th( 
ends of boarded quite as well as the plane with skew iron inteudi 
for Buch work. Of course such tools must be carefully preserved 
working order, especially as thoy are more costly than wooden ones,! 
but for neat work the amateur will scarcely regret the purchase jt 
for organ or harmonium making especially, where accuracy 
pensable, they may be safely recommended to our readers. Thoi 
shooting board for squaring up the edges of pieces is made by 
simply screwing two boards together, placed flat upon each other, 
the under one projecting so as to form a rebat« an a guide to t1 
solo of the plane, and to its side upon which it i-ests during th»j 
operation. In Fig. 103, A is the board to be edged, B the lower, 
the upper board, D a piece nailed across as a stop. The plai 
tjack or trying) being laid on its aide, the edge will come against 
that of the shooting board, and no difficulty will be experienced in 
using it in thia position. It ia of course essential that the shooting 
board should be accurately made, and that it should not be liable 
to warp. In use it is itself laid against the planing stop of tho 
work bench, and the work may be held by the bench hook, to ba 
presently described. A good work-bench is of great importance ; it 
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lould be strong atid proportionately heavy, with a goiid thick 
lank for the toji that will hold tinuly the planing stop, hench 
Mk, and such like. Fur the first of these has appeared (as a. sub- 
dtute for the old block of wood with projecting pointa, commonly 

th a few nails or tenter hooks) an iron planing stop. Fig, 

his is a great improvement upon the old plan, and well 
worth the price, 3«. IJd,, charged for it. Of bench hooka or hold- 
bita there are two kinds. The Brst, Fig. 105, has been in use 
ifrom time immemorial for holding down fii-mly upon the work- 
l»nch pieces requiring to have morciaea cut through them. It ia a 
inrnple aSair, and at first sight by no meana appears iikely to hold 
iuiything firmly. The tang or shank A is inserted in a hole iu 
the top of the bench, in which it fits somewhat loosely. The flat 
|urt at the bottom of the hook B rests upon the work, which ia 
ifixed by a blow upon the head O. If any danger is apprehended 
if injury to a finished surface, a small piece of board caa he inserted 
to protect it. If Fig. lOQ U examined, which ahows in section the 
bench holdfast passing through the top B of the bench, and hold- 

n the work C, it will be evident that the tendency of such 
work to rise from the bench has the effect of jarabing the shank of 
the apparatus at XX against the upper and lower parts of the 
TDortiae or hole through which it passes, and the tendency to lift it 
&om this hole and thus free the work is comparatively small ; when 
Esired, therefore, to lift it in order to loosen the work, it is 
(Ujcorapliahed by a blow at Z, on the back of the hook — a similar 
blow at Y, on the top of the same, tightening it. The improved 
holdfast, Fig. 107, is on pi'ocisely the same system ; but the ti'p 
being hinged to the shank, pressure is exerted by the screw at the 
back, which depresses the end of the hook. The advantage this 
form has over the last is tuore imaginary, perhaps, than real. A. 
Jiair of auch holdfasts form a tolerably efEcient substitute for a 
bench vice, if holes B B are made for their reception in the front 
boardof the work-bench, as shown in Fig. 105. In this position 

course hold equally well, and a plank nmy be planed on the 
bdge wl'ien thus clamped, as readily as if it were secui'ed by tho 
«ordinaiily attached to the bench. The holdfnst is also useful 
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for holding round pieces requiring to bn sawn across, and for tbis 
jmrpouo It in a, gfwd plan to fit one into tlie top of the sawing beoch 
or stool. To |.Iimo long ihin slips, or laths, which would band and 
break if set against the planing stop, the easiest wajis to tack them 
to the bench at, the end next to the right hand by running a brad- 
awl through and thiia piDniiig them down. In this way, the 
f:o 103 




actiiiu lit tlie plnne tends to atiutch inateiid ol' doubling up the strip, 
which may in this manner be alsoplanedto the extreme end. Uitred 
iwlges or bevels are planed in a similar way with those which are 
rectangular. For those which run lengthwise of the board, a long 
planing g\iide is needed, on which the plane sole, and its side, rest 
in positions according to the angle required. The drawhafk to 
Buch phiiiing boards is the liability to cut the guide ns welt as the 
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work, and wlien tlie former ia of iri'D the tool is of coui-ae liulile tu 
injuiy. Hence, it will often be found to he the bpst |ilan to place 
the plauk edgewise as usual in the bench vice, ami with a g^iige set 
to the exact thickness of thennrae ; after it baa been pUned uji truly 
square, run a fiue line on the flat aiile. If Lhe edge is then bevelled 
carefully to this line, the desired effect will be produced without 
any guidebnard or mitie block being needed. In large joinery 
iftorka the mitiiog HnU bevelling is done ciiiefly by circular aawa, 
the work being fixed at tliu required angle. It ia aftei'waida 
finished by hand if required, or by a planing macliino arranged for 
tLe purpose. For planing the angles of picture frames at i) deg., 
Fig. 108 ia used, but frequently in this case the work is left rough 
fro:n the mitre aaw, to cause it the better to hold the glue used to 
nitite the several pieoea Pig. 109 is another form of miti'ing 
guide or box. The saw cuta* are made at the required angle, and 
the squared strips, or pieces of moulding, for which the ap|iaratua 
is chiefly used, being placed in position, resting a^ain^t the further 
mde of the channel, the mitre saw is inseried in the kerf, and the piece 
BOcurately cut off, either squarely or at the desired angle. There ia 
seldom occoiaiou to touch the cut edges, either with cliiael or plane. 
It will be as well to recur in this place to dovetailed jointa, of 
which only one kind has been described, namely, that in which the 
forms of the pin.ii or dovetails are visible in both pieces thus joined. 
This ia uever practised on articles of furniture, unless veneer is to 
be afberwarda added to conceal the joirits. Fig. 110 represents 
the corner of a di-awer aa commonly made, on which, although the 
dovetails are seen at the side when the dmwer ia open, they are 
entirely iiiriaible in front. The latter having been planed up 
square and true, a line C D ia made with the gauge on bnth ends 
of the same to mark the ]iortion which is to bo left uncut. The 
sides (of much thinner atufl') are then planed up, and the dovetails 
marked and cut as shown. Thia ia then laid in place, with the 
extremity accurately adjusted to Ibe gauged line, and with a finely 
pointed scribor the dovetails are traced u]ion the ends of the front 
of the drawer, which thus contains the pina. These cannot be 
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of tbe aertnl pieoei. Titrti-od of ontj eoBoeKliDg tli« doretuIa~ 

fnxn tlie fimt piece as m a dnver, Uiej tn&j be so constrocted. as 

MM la Bpfiear at all, and the onl j rign of any joint will be a fine, 

mpefeeptiU^ line on the angle. Kren tbia will not ba 

Laeen after the finuhing and policing is done. LeS tLe pieces ba 

: rebated ont, as A B, Fig. 111. The pins and doretaib 

f «e then to be cnt with a chisel in bolh parts, below tha 

I rebate, which is then to be cut to a nittre. This is not only thff. 

BCatest jdan, bat requires care, aod is the most difficult to manag^. 

because the pieces cannot be fitted together until the mitring i 

also done. An easier method, and one almost equal in appearance^ 

is the lap dovetail, in which only one piece is rebated, but tha 

duvpt^ils in the other are not cut through. Fig. 113. la this case 

no such difficulty occurs in marking and cutting the pins which 

are made in the rebated piece, and the pieces can be tried iu theK 

places with ease, as in common dovetailed work. 

There are other modes of uniting pieces at right as^ea, and evett 
the simple mitre juint is greatlj used, in which each piece is planodl 
to an angle of 45° and glued. After boiog placed together, two c 
three fine saw cuts are made through the angle, in opposite direo- 
tions, and slips faf veneer inaerted, which when the work is dry are 
cut with a cliinel fluah with the sides of the work. These 
then unsightly, andthe joint ia sufficiently strong for most purposes. 
A great deal of work — generally al! but boxes, drawers, and such 
like — is joined up by ordiaary mortise aad tenoned joints. 
uiineces>»ry to describe the mode of doing this, further than by 
the illustration, Fig. 113. The tenon and mortise ari 
marked with the aid of theequai*e and gtiuge on both sides. The 
mortiae is out half from one side, and half from the other, to 
insure its being made at right aogles to the upper and lower 
iurfaiii'a iif the wood. Figs. 113" and 113,. show the method of 
wedging up such mortised joints. The mortise isfirat cut straigbfe 
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iliroughthe piece and afterwards sloped off, as seen in 113^ A 
Bmall wedge is then brushed over with glue and driven in on each 
side of the teuon, to which it adheres, und when drj it is impos- 
sible to separate the pieces without breakage of the wood itself. In 
larger work this joint ia generally pinned through the side with 
oak trenails, as shown in 113°, instead of beiog fastened with 

es, If it ia purposely intended to place the two pieces at 

' thaji a right angle, the square ia replaced by the bevel. Fig. 
114, generally made by the workman of wood, like a. ahut-up 
knife, but without a spring. A superior furm. Fig. 115, is made 
■with a metal blade, the joint in which ia formed with a slot, as 

n. This bevel is very convenient, being capable of more 
extensive adjustment, the slot enabling the instriiiiient to be used 
as a T-sqnare or T-bevel, the whole of the edge coraiag into use, and 
thus, too, the larger angle, ABC, can be measured and set off 

10 piece instead of the smaller, wliich may be at times con 
venient. In this place it will, perhaps, be to the advantage of the 
reader who is ignorant of mathematics, to set forth a few simple 
facts concerning lines and angles, which will often simplify 
the process of setting out work. When straight lines out 
each other, as Fig. 116, the two smaller angles, a a, are equal, 
and the two larger, 6 h, are also equal. The four together 
«qual four right angles* of 90°= 360° (see foot-note), and 



' Ad sJigle, it must be understood, 




!r (Lat. : angidua) formed by 
of two lines at Ei point. Tie 
C, length of tlie linea has nothing to do with 
the Bi?e o£ such angle. If a pair of com- 
passes are opened, the legs may be of any 
length, the longer they are the further 
apart their points will be, but to enlarge 
the angle at tbe joints yon must open them 
wider. TLia renulte from the fact that an 
angle is meaaured by a circle, always 
divided into 360°, no matter what may be 
its size. In tbe diagram the angle at A 
formed by the meeting of the lines A 
B, A C, is 4S°, aitending ttese lines 
the third circle, but still they jioint to 45° upon its 
of the angle. 
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any two attjiicent {^ide by aidi-) fluglea eqnaJ two riglit 
angles, or 180". Hence, as much aa A B C ia more lliaii one 
right angle, so much is A B D less tli»n one liglit angle. (The 
miJdle letter of three by which an angle ia generully exiiresaed ia 
placed at the angle.) If, tlierefure, A B C in an angle ^f 135", 
A B D rouat of necessity be 45°, beciiiiHe 135 added to 45 make 
160, equal to two right angles of SO" each. 

Angular measuremeut is always of such vast importance — being 
the baKia of nstroQomical and engineuririg raeaHui-euients, and of 
such extensive general iiae — that the few elemeutaiy leajous given 
here should be thoroughly luaint and underetood. aa well as the 
following: — Every triangle, Fig. 117, with equal aidrs, has also 
three equid angleti, each of sixty degrees (GtT) ; oousequcntiy, the 
three angles together equal 180°, or two right angles ; and this 
statement is equally true of the three angles of any triangle, be- 
cause, if one of these ia made leas, one of the others must be just 
BO much greater, aa will be readily seen if practicjlly tried. In 
sawiug a bevel to form a mortised joint, as fur a [)icture frame, 
directions havo been given to measure on the length A B, Fig. 
IIK, a diiituuce A D equLil to the width A C, and tu cut from 
one point so fouod to the other upun the dotted line. The angle 
thus formed at C will be 45°, or half a light angle, and thus, when 
the other jiiece, being siriiilHrly cnt, ia placed lu ^loaition (having 
also an angle of 45"), the whole angle thus fuinied will he 90", or a 
right angle, which is precisely that required, and is the angle of a 
carpenter's " square." Now a square properly so-called ia a figure 
of four sides, all equal, and containing four angles, aliio equal. Let 
us briefly examine suuh a figure. Fig. 1 19 is a square. The lines 
dotted are called its diagonaht (a Greek word signifying across 
the anglHfi),- and one such diagonal evidently divides the 
square into two equal triangles. Now the diagonal A D 
divides exactly in half the angle at A, and the angle at D ; and 
as these were buth right angles of HQ", it follows that the shaded 
triangle, B A D, has at B an angle of 90°, and at A and D angles 
I'ftch of 45°. Thia will prove what has been stuted, that the three 
angles of the triangle taken together equal two right aiiglea 
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(90-+45'-(.45' equala 180"). This figure again will teach us \ 
ttiiuthei* truth, or rather prove another alreaJy Stated, " that when I 
two straight lines cut each other the angles at the point where they I 
cut equal four right augleit." Takethesoiall triaugle EC D. The j 
angles at C and D aie each 45" (half the riglit angles at the corners 
of the square), then if it is true that the three angles of a triangle 
are together equal to two right angles, the angle at E nmat be a 
right angle (for wo have taken from the triangle the two angles C I 
and D, each of 45% and together 90° or one right angle, and ao | 
the one left must be the other), and we might take in tnrn each i 
of the four ainall triangles in the same way, and thus should find 
at the point E, four right angles, as stated. It will thus appear I 
that it is easy in many cases to draw two lines at a desired angle 
by very simple means — namely, with the oidinary two-foot rule 
and compasses alone. If an angle of G0° is required, it is only 
necessary to make a triangle of three equal sides, which is readily 
const TicteJ as follows D aw a line A B, Fig 1 20, six (any number 
of) nches n leng h op n a pa r of compasses to that width and 
with one p t at A de'ic 1 e w th the other an arc (part of a circle) 
as shown Do the same f om the other end of the line, and it will 
be fo nd that tl e a vo d arc cuts the first, and from the point at 
which tl y ut each other d aw 1 nea to the ends of that first 
drawn You now ha e a t angle w th equal sidea, and each augla 
of 6) D V de tl e ba e 1 e exactly in half and draw a line aa i 
dotted Th s w It d v de the top angle into two exactly equal ; , 
you now the efore h ve an angle of 30°. At the point D, too, you 
hH\e th a u sed a 1 ne D pe pendicular, or at right angles to 
A B eac! a ^le t D be ng 90 and thus another useful lesson in 
Geo net j has been 1 a -nt. S n da ly, that useful angle of 45° has 
been shown to be obt ned by draw ng diagonals to a square, the 
latter bemg pr'x cally d awn by sing the too! called by that 
name tl 1 t can be Irawn al o by ruler and compass. Time ia 
ne\e lost by d v b ng all sorts of f oblems with these two simple 
tooh and tl e uore perf ct the knowledge thus gained of lines and 
angles tl e better q al fie 1 w 11 the amateur(or professional) be to plan 
And carry out all kinds of work in wood, no matter how complicated. 
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A rebate ia very often i-eqiiired in carpentry either down the 
Eide or across the end of a board, tliis being the name (pronounced 
rabbet) of the recess iu which litis the gl^iiis in a picture fmrne or 
window, or the panels in many pieces of furniture. Thia is formed 
byanarrow plane, Fig 121, the iron of which is sometimes straight 
aci-oss the sole, as in the first Ggure, A, but very geuerally set 
askew, B, in which position it will pkne across the grain, as the 
edge Dieeto the fibres at a somewhat acute angle, and consequently 
cuts instead of tearing them up. A practised hand does not require 
any gnide or atop to insure the atrdght run of the plane at the 
desired width from the edge, some of the fingore being placed 
beneath the tool to act as such. Sometimes, however, a atrip of 
wood is lightly tacked beneath and lengthwise of the sole, to prevent 
the plane from cutting bi'youd (he desired limit, and if there are 
many pieces to be rebated exactly to one width this is the best 
method to pursua By such means this common and cheap tool is 
often made to answer the purpose of (he more costly aide fillister 
provided with adjustable fences determining the width and depth 
of the required rebate at pleasure. This plane ia shown in Fig. 122, 
and ia a very u-ieful tool in its way, and indispensable to the regular 
joiner, but not so to the amateur. It will be evident that the fence 
which slides vertically. A, determines the depth to which it is to 
cut, while that at B, affixed as it is to the sole,liroita the width of the 
rebate. Tho iron, C, ia simply a cutting point to divide the Gbrea 
perpendicularly. Akin to the above is the plough, Fig. 123, which, 
indeed, set to the desired position will cut a rebate with the grain 
bnt not across it. This plane ia furnishetl with a fence B, of wood, 
'which is always parallel to the side of the [ilane, and is capable of 
being fixed at a considerable distance from the latter, as the arms 
D D pass through mortises in the body of the tool, and are fastened 
by small wedges. A groove may thus be made as far from the edge of 
a board as thia fence can be fixed fi'om the side of the plane — 
generally, six inches. There ia afenceor stopadjustabla by the screw 
Ijdetermiuiug the depth of such groove, wliile its width depends upon 
that of the iron scli^cted, a plough being fitted with half a doznn or 
more. The routing plane and some others being designed for special 
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work not lik«ty to be iituli-itakeii by the atuateur, need not be illi 
tralpd here, but a wocd or two atay besaid respecting ibe pb 
obmI fur beading and moulding. These' are in a|)pearaDco like th« 
rebate ]itiine, ckcupt that the sole of the tool and the iron itself is 
filed into the shape of the particular motilding it is meant to 
produce. Thnl for a 8iinj)le bead, for instance, Fig. 124, is made 
with a jilaue, the iron of wliicb is sh^pml as seen at B, and this hiis 
to be sharj>eued with a slip of oiUtone of the section 0, which is 
called a gouge slip. The piece to be thus omiinieuted is planed np 
true and smooth, and subsequently moiilJed by the tool described, 
a proces.H so easy ha nut to need lengtiiened explanation. When 
moulding is needed, however, more care is required. The piece . 
first planed accurately to the width and anbstance required, and 
the plane is then applied, not perpejidUndarl^, but on a slope, 
80 that, as is evident, the strip m:iy well be, and oltcn is, first 
planed to each inclination. The reason that the tool ia not u»ed 
perjwndiculiirly to the wood is well explained by HoltzipSel, who 
pcinta out thut although the plaue iron is always set at 
angle at which it meets the fibi-es most favourably fur cutting 
them, the edge and sole of the plane must be parallel to the 
surfiLce to be cut ; as, for example, if a rebate plane be used, it ciita 
smoothly and evenly the bottum of such rebate, but not the side of 
it, and for the latter the plane must be laid on its side. Much of 
a moulding, therefore, would not be cut if the jilane were applied 
otherwise than as stated, that is, with its sole parallel to the 
Burface to be moulded, or, in other words, with the plane itaelf 
per|)endicular to a line representing thegimeral slope or iuclinatiou 
of the surface to be cut into the ornamental form. Even thus 
applied, the work will generally need a little finishing with sand- 
paper, because some few at least of its fibibs are sure to be moiti 
or loss abriidcd or torn up. 

While on the subject of moulding and decoration of work, it^ 
may be well to call sttmtion to a general rule given, as the writM 
believes, by Pugin, and which ahould be observed in designing 
ornamental work in general. The substance of it is that " extm- 
neous ornamentation " which is of no use to the object should \m 
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avniiled. For instance, in designing a wotk-tahle, the npcessary 
pHi'ts are the top and the legs, The latter may be s I. lengthened 
by cross bmcea, the top by aa edge to prevent warping, and bo 
forth. The legs and these bracen, with the edging, may be deco- 
rated to anj extent ; but it is bad ta^te to add pieces here and 
there, hunging bosses and such like, which are plainly and evidently 
of no use at all to the sirnctiire, and do nob further or extend the 
aerviceableuess of the who's; in short decorate all necessnry pirts, 
or useful additions, hut add nothing merely for the SRke of show- 
ing how skilfidly you can design or execute mere useleMS ornamon- 
tutioEL This rule is even more oecesaary for those who are en- 
gaged in lathe work, in which there is such unlirnitod scope for the 
eierci^ of ingenuity and tiste, but it should not be wholly over- 
looked in the practice of carpentry and cabinet making. 

There are planes specially made for cutting the edges of boanis, 
which are to be united lengthwl-e, Fig. 123. They are sold in 
pairs under the name of tongue and groove, or match pknes. Not 
nnfreqnently, however, both i)ipce3 are grooved with the plough, 
and a separate slip ihined up to lit the grooves is inserts. The 
main object of this work is to prevent sp icea occuiTing between 
the boards as they shrink in drying. The edg^s close to the joint 
are genertilly ornamented with a bead, Fig 134. This shrinking 
of the wood, by which the width alone is affected, must always be 
pn ly I ded against. It is sur^ to take place in some degree ; and if 
each edge of the hoard (a ptnel or drawer bottom for instance) is 
tightly glued to the frame iu which it is innerted, the pani-l must 
of necessity split. Hence the sides ot \anels are never thus glued 
or nailed, but left loose in their rebates or grooves, when the 
shrinking can take place without injury to the article. 

In glueing remember that the best glue is quite clear, thin, and 
brittle. It should be 6nit soaked in cold water, and then boiled 
in a double vessel, that it may not be burnt. It should he used 
boiling hot, and the pieces to he waited should also he well toanti'.d, 
or they will chill the glue as soon as applied. The glue must not 
be thicker than cream {scarcely sO thick as real cream, but nearer 
what is sold as such in Loulon), and both pieces being biushed 
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over with a thin eont of it are to be tubbed together for a. fev 
seconds, iilaced in exact |io9ition, and tied or clamped till dry. 
Thick glue on cold wood simply keeps the pieces apart, it canaot 
unite them. 



The following recippa, compiled from variola soiircea, will pos- 
sibly be aaefiil to the reader and may generally be relied on : — 

I'rench Polish. — This (and the hard wood lacquers) has for its 
base a guru soluble in spirits of greater or let<a strength, and i 
made thick or thin according to the special use for which it may ba 
designed. The mont common (used for varnishing soft wood, boscs 
of willow, lime, and so forth for druggists) is made with resin and 
spirits of turpentine ; but this being laid on with a brush, is le 
polish than a varnish. There are vaiioua recipes for making tha 
real French polish, of which the simplest, and perhaps best fof 
general purposes, is composed merely of shellac dissolved iu spirits of 
wine or naphtha. Four ounces to one pint of spirits will be aufficiect 
in many cases, but it is easy to add gum if tha polish appears too 
thin. It is, however, better to use several couta than one or two 
of a thicket consistency, as the grain of tha wood will be mote 
easily seen, and will appear more nearly of its true colour which 
is generally desirable, The writer has lound the addition of 
half au ounca of aandarach a good addition to the above : it appears 
to make it work rather more freely j but this or other soft gums 
must be used in moderation if at all. 

Pirmldng Polish. — This ia to be used after the above, as will bs 
presently directed. Best rectified spirits of wine half a pint, sheljtio 
two drachma, gum benzoin two drachms. Put these into a bottle, 
and let the latter stand near the fire loately corked. Shake it 
occasionally until the gums are dissolved. When cold, add i 
tea- spoonfuls of the beat clear poppy oil (it can be obtained of'i 
any artist's colourman) and shake the whole well together. 

To use French Polish. — First, it is absolutely essential that the ] 
surface of the work should be as smooth as it can be made, ] 
Wheth'5r turned or planed it must be highly finished ; the latter I 
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especially rubbed down with tlie finest sandpaper, uiied in all 
directions of the grain until the whole aurfiice is of oua uniforia 
greyish tint without scratches. The diiat cnuaed by the process 
must now be carefully wiped off with a dry warm cloth. Pour 
into a saucer a little linseed oil, oot boiled or thickened with dryiTd, 
ftnd have it close at hand. Roll up a aoft wad of list, torn fiom a 
roll of flannel, or make one of cotton wool the size of a large wal- 
nut, or rather larger if the surface to be poliahed ia extensive, and, 
covering it with a piece of liiieQ, tie the latter where its folda 
meet Thia is the rubber, which is to be applied to the bottle from 
time to time to be repienislied as it gets dry. When thus covered 
with polish, a second piece of linen rag (old and soft) ia to be laid 
over it, and is to be moiateued by just one drop of oil applied with 
the finger. Pinching together the ends of the outer rag to form a 
handle to the pud, pioceed to rub over with circular strokes a 
email part of the surface to be polialied, not pressing heavily except 
when it ia desired to squeeze out a little more poliah from the 
pad. The outer rag acta aa a filter, and preventa any undissolved 
gam coming into contact with the work ns the polialiing proceeds. 
Continue thus to rub until the rag seerna to be getting so dry as 
to endanger scratching the work. Then remove the outer rag, 
take np a fresh 8up[>ly, oil the outer rag, and proceed as before 
until the whole surface is fairly covered. If you desiie to make 
good work, this operation must be carried on in a warm and dry 
atmosphere, and each coat thua laid on taxxnt be allowed to become 
quite dry befoi-e it is retouched. Supposing that a second coat has 
been thus laid on and dried, wait a day, and then with the finest 
sandpaper inib down the whole aurface of the work, which, however 
bright at first, will have become more or less dullfrom the absorption 
of the polish. Then give a fresh coat aa before ; after which, with 
a clean rag jiiat moiatened with spirits of wine, rub over the whole 
to remove any dull spots caused by the oil. Iiet all becjme dry, 
and then give a coat of the finishing poliah in the aame way, using 
a fresh rubber. If in this last coat dull places should occur, yim 
can generally remove them by more vigoi'OOa rubbiug, which thia 
finishing polish will bear. 
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To tconnmiK Pvlitk. — Nfany woods of a paroiu nalnre, espe- 
ciallj' if (Urk, mny have their porca in a tDensure filled up before 
polishing, by wliich French ]«iliah mny be economised ; but in ths 
6«i< work, on harder wood than mahogany, this should not be done, 
nor on wo'>ds of a light colour intended to retain their natural 
tiiita. Make nome size by boiling glue in a sufficient quantity of 
water to reduce it to the consistency of new niilk — in short, the 
water luu-tt bo merely tliickciied by the glue; Spread this with a 
stiff blush over the woik, rubbing it well into the surface, and let 
it dry ; after it has l)ecome hard it may be rubbed down with fine 
■andpitper, and, having been curefully dusted, a second coat m»y 
be given, after which (when agaiu quite dry) the juliiih may be 
applied as usual. Clippings of parchment or old white kid glovet^ 
boiled in water, also make a good size ; and, being of much lighter 
colour, this may be used on wood on the surface of which the dark 
gUto size would be inadmissible. Either of the above used as 
directed will save not only the Fi-ench polish, but much labour. 
French polixhing in the lathe is an easier process, because the 
revolution of the work in contact with the rubber produces, by the 
friction of both, the I'equisite warmth, by which the polish dries 
almost directly. The Isbour of rubbing is, moreover, entirely 
done away, and the polbh may be used somewhat thicker in 
consistency ; otherwise the pvocpss is practically the same. 

LacqWT for Brass. — One pint of rectified spirits, one ounce of 
turmeric powder, two drachms of l>est anatto, two drachma of 
saffron. Let it stand ten days in a warm place, fi'eipiently shaking 
the bottle until the ingreiliente are dissolved; filter through 
muslin info another bottle, then add three ounces of aeedlac, and 
again leave it ten days, frequently shaking it as before ; let it 
settle, and it will be lit for use. The articles te be lacquered must 
be quite fi'ee from giease, and must be just too hot to bo handled 
by the fingers. The luciiuer must be applied quickly, with a 
camel'a-hair brush. 

AnoUier Lacquer /or Brass (Holtzapflel), — For pale yellow : 
one ounce tjf gamboge and two ounces of Cape aloep, powdered, 
and mixed with one pound of shellac ; for a full yellow : half 
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pound turmeric and two ounces of gamboge ; for a red lacquer : 
balf pound of drogou's-blood and one pound anatto to one gallon 
of spirita of wine. Use the beat pale shellac for the light-coloured 
lacquera, and the darker when it may be reqiiired to produce a 
darker tint. Another pale gold lacquer is made with eight outicea 
of shellac, two ounces of Handaraoh, eight ounces of turmeric, two 
Dunces of aoatto, and quarter ounce of dragonVblood, to one 
gallon of spirits of wine. 

Staining Deal, Beech, ite., fo imitate Ornamenlal Woods. — 
.Some recipes for the above are given in many works, and are 
more or lesa effectual. It is, however, now possible to biij them 
jso cheaply, and of such excellent quality, that this method of 
obtaining them is &j: preferable. Stephens's wood stains are as 
>d as any. They are all painted on with a brush, and after- 
-^rards varnished. One or two recipes are, nevertheless, added 
"''whioh may be relied on : — 

Ebony Stain. — Wash first with a cold sohition of sulphate of 
:Sioti, and let it dry ; then brush over several times with a hot 
■decoction of logwood chips, to which a few niitgalls may be addtd ; 
-when dry wi])e with a wet cloth, and, when again dry, polish or 
"varniBh. — Beesley. 

Mahogany. — Brush with diluted nitrous acid, and when dry use 
■dragon's-blood, Aoz., common soda, loz., spirits of wine, 3 pints. 
These must st.and in a warm place and be frequently shaken, after 
which the whole must be strained. Use a soft brush, and rejieat as 
often as necessary. The yellow colour used to stain vaiions light 
woods is made by dissolving turmeric in spirita of wine. This may 
be added to French polish, or used first ; but no stain containing 
water can be so used, nor, indeed, must any surface to be Prench- 
polished be at all damp, or the polish will by chemical precipita- 
tion of a part of the gum (which ia soluble in pure ^no^^ in diluted 
spirit) become thick and its transparency destroyed. Varnishes 
to be used with a brush mostly require processes scarcely within 
ihe power of the amateur. They have to be heated in pi-oper 
vessels ; and the operation, even in skilled hands, is not free fj'om 
danger. In any ca.'se they are much better bought at the oil and 
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oolour aliops, where they iiisj be had weU prepared and of 
kinds. Copal, tnaBlic, auini6, and ftmber are the several bases 
coiumonlf used either alone or combined, and thera are dissolved 
in turpentine with addition of colouring n]att«rs, or without, ao 
cording to the requirements of the coach'builder, the artist, or the 
mechanic. If the amateur will state the use to which he is abont 
to apply it, the proper kind of varnish for that particular work 
will be supplied to him with an appropriate brush, the latter being 
important. It is essential to work in a room free from dust, and 
in a. warm dry atmosphere. There is do difficulty in laying on the 
varnish, but it must be thinly spread so as merely to overlay the 
woi'k like a very thin sheet of liquid glass, so to speak, through 
which the veiniug (or graining) of the wood can be distinctly seen, 
the varnlah not appearing directly as such. 

The following are from the " Gas Consumer's Guide," 
useful and bandy book by no means limited to such as hare ths' 
advantages of gas illumination : — 

Solder. — To make solder for general use, take two parts of blootf' 
tin and one of lead ; wheu melted, stir well together, throwing in 
ft little resin ; it is not necessary that the resin should be fired ; 
skim the metal and run out in sticks afl required. Scrap sheet lead 
is the best kind for the purpose. If the solder is for blowpipe 
use, run it into thin strips ten inches long, of sufficient strength 
to bear its own weight when held straight out, which may be done 
by using a small ladle with a hole in it at the side ; so that when 
the ladle is tilted and carried forward upon a stone or plate at the 
same time, the aolder flows freely through the hole to whatever 
thickness is required. Should the solder not show up well, fi-om 
impurities in the lead or tin, put in a lump of sal-ammoniac and 
stir briskly. To know by guess if solder is rightly mixed, pour 
out a small quantity, the size of a crown piece, to cool ; when set 
and it is bright, having a few prominent, spots on it, it is right for 
use. If it has a frosted appearance put in more lead. If dull 
and coarse looking put in more tin, or if in sticks take it up, 
listen while bending it, andif it crackles loudly, put in more lead ; if ' 
itbendssoftlypnt iumore tin; but when tough and bright, it will do. 
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To tin Cast Iron. — File the part clean and free from rust, ■fee, 
Tub it with aal-Bmmoniac dipped ia water, or make a liquid by 
dissolving sal-ammoniac in water ; it can then be applied with a 
bruab, using the coppev-bit at a great heat, which must also have 
been previously cleaned ; when floated well, put on a little resin and 
sweat the solder well about the part tinning ; it will not be a 
sound job unless the iron is at a good black heat, though it appa- 
rently looks so. 

To tin Wrougld Iron Piping, d:c. — After filii^ and cleaning the 
part properly, use "spirit of salts " (not JalJsd), and when covered 
well with solder put on a little resiu and again sweat it with the 
soldering iron. This is applicable for zinc and galvanised iron, but 
for sheet tin and new iron use killed spirit of salts, which is pre- 
piu'ed thus : Put about one gallon of " salts " into a pipkin or 
bottle ; cut up thin scraps of zinc, and put them into the salts ; 
chemical action then takes place, giving out plenty of gas (which, 
if lighted, will bum, making slight explosive reports). When 
there is no longer action between the zinc and salts, add a little 
water, and it is fit for use ; whenever used in soldering, wipe off 
with a wet rag, for if lefli on, it will destroy the iron. 

Various Scbstanoes used for Smoothing asd Fousbiho Metal 
AND Wood. 
Dttteh Biigh, — This is the E(piisetwn Hyemale or Bough 
Horsetail, of which there are several varieties, all more or teas 
impregnated with ailex (flint) in their outer coatings. That called 
by the distinguishing name of Ilymnah contains not only more 
of this substance but in a more compact state, rendering it more 
durable and better able to stand the rubbing action used when 
^ood or metal is to be smoothed by its means. Koltzapfiel speaks 
r>f this kind as growing in Scotland ; but Mr. Moore, in his valu- 
able work on "Perns and th^ir Allies," says it is brought from. 
^S^olland, where it is planted along the dykes to support the earth, 
-which it does by its matted roots. The rush is the size of a 
"vrriting quill, and feels rough, like glass-paper. It may be used 
<oxi metal as well as wood. 
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Sand and Glass Paper or Cloth used to be made frequt 
the amateur, but is now readily purchased. The cloth or paper 
it merely glued and fine sand or pounded glass aifCed over its 
surface. This is now done very rapidly and evenly by machinery 
designed for the puq)09e. Emory is used very largely and in 
various ways for polishing metal, and is also brought, into use as 
a sharpening or grinding agent. The emery stone ia £ret pounded 
and broken into lumps, and eventually by grinding brought into 
the state of a powder containing the substance in lai^r and 
Buialler particles mixed ; and these have to be afterwards sorted 
according to their several degrees of fineness. This is done 
on a large scale by washing ; but any size of the emery of 
commerce can be further separated into sizes by hand washing, 
and this is in many cases a matter of necessity, especially for 
polishing the lenses of telescopes and similar important work. The 
principle is the same as that on which depends the washing ofaand 
for gold, the latter sinking to the bottom of the basin or tank 
more rapidly than the former, by reason of its greater specific gravity. 
The emery is thrown into a large basin with plenty of water, and 
the whole well stirred so as to disperse the metal throughout the 
liquid. At the expiration of (say) ten seconds the coarsest particles 
will have subsided to the bottom, when the rest is quickly but 
steadily poured off, and the residue placed by itself in another 
vessel. The emery and jwater are again stirred, and after ten 
seconds the residue is again parted and added to that 6rst 
obtained. This is repeated until at the end of ten seconds none 
subsides. A longer time ia now taken, twenty or thirty seconds, 
when by the same process the next coarsest size is separated, and 
BO on until at last the finest possible powder Is obtained. Each 
size is kept separately, and the finest most carefully guarded 
from admixture. Emery is used with water, oil, or in its dry 
stale. With oil it docs not poliek, but leaves the metal smooth and 
dull. When water ia used, the article must afterwards be carefully 
dried if of steel or iron to prevent rust. A good polish is thus 
obtained. For brass it is beat to u?e the emery first with .oil, 
and after cleaning it off thoroughly to finish wiih dry emery, but— 
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lirass must be lacquered to preserve its polish, aod give the high 
fiaish generally applied to this metaL In poliahiog with emery 
«3loth or paper the edges of the work are very liable to be rounded, 
~which is in many cases to be avoided. To this end a piece of 
<Ieal planed up square, or ia auy more convenient ahape, is covered 
"With a coating of thin glue and duHted with powdered emery. 
"When dry a second or third coat may be similarly added, Emery 
sticks thus made are exceedingly useful, and, not wrappittg rownd 
the edges of the work like paper aud cloth, the angles are easily kept 
sharp aud square. For flat plates b. square piece of wood half an 
inch thick, with a knob on one side to serve as a handle, the other 
being coated as described, forms a very efficient tool. Latterly 
emery has been consolidated to form small grindstones of various- 
formed edges for particular work. Those sold with sewing machines 
for grinding needles are very convenient for many purposes. They 
require of course some kind of lathe or other machine for putting 
them into rapid motion. They are wonderfully durable, and most 
deaii-able in every way. 

Ratten Stone ia a good material for polishing braas and other 
metala. It is a soft browu, or brownish grey substance, and is 
iiaed generally with oil, though sometimes vinegar is used to 
moisten it. 

Putty Powdtr b the name given to oxide of tin, and is prepared 
by fusing the metal in an iron muffle with free access of air. The 
lumps thus formed, which are very hard, aie afterwards ground to 
powder. The lighter the colour the better is the quality, the 
impurity being adulteration with lead. This Gubstaoce is used to 
polish glass as veil as metal. 

Crocus, Rouye, Plate Powder. — These are oxides of iron, pre- 
pared from the crystals of sulphate of iron by ignition in crucibles. 
Carefully prepared they will polish the finest work without scratch- 
ing it. It is not worth the amateur's while to prepare these ; but he 
can, perhaps, by washing as described when treating of enieiy, 
obtain finer qualities than those ordinarily sold. Some of the latter 
are mixed with oxide of mercury, which ia highly destructive to 
gold and in a leas degree to Kilver, although it may at first improve 
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the appe&rance of the latter metal. Crocus may be uued wet, and 
the work finally polished with a chaiDoia leather and dry j'owder. 

Note. — The aoiateiir mechaoic must take care not to fall into 
the too common mistake of polishing unfinished work to make it 
Bp|>ear better than it really is, because, in the first place, no one, 
whose opinion aa a mechanic is worth having, will be misled, 
thereby, and, in the next place, do real gratification can ensue 
the maker. No amount of polish will make an untrue spindle 
Bnioothly in ita bearings, or compensate for the unskilful use of the 
file, chisel, or plane. A piece of machinery, mechanical model, 
otherwise, in which the several parts are accurately adjusted to 
fulfil each its peculiar office, is nlways pleasing to the eye of aj 
intelligent artisan, even though each part may bear the marks of 
file or scraper, because these may evidently be erased at pleasure 
by subsequent finishing and polishing, and in some cases such 
potifib is rather uudesimble than otherwise. 

With these remarks " Old File " intended again to make his bow 
and retire, wishing his readers that success in their manifold works, 
to which be has done his best to contribute in the few hints thrown 
together for their perusal in this unpretending Hand-book, 
reminding all that no amount of book knowledge will give that 
accuracy of eye and hand which is to be obtained by long aad care- 
ful practice. The priuciples have been set forth for their 
guidance, the rest must depend upon their own energy and 
perseverance. It having, however, been suggested to him that to 
add a few words on the lathe would mush add to the uaefuloess of 
this little guide to mechanical operations, he has again taken up 
the pen and eudeavourud to satisfy the demand. 
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THE LATHE. 



The preHent little work would, perhaps, hardly be complete with- 
out a few words on the lathe, which, of necessity, is found in every 
workshop in which the multifarious operations of the amateur are 
canned on. It ia, of course, unnecessary to enter upon the descrip- 
tion of lathe apparatus used for the production of elaborate works of 
art, but only to describe aiich operations as are likely to be required 
jn making models of machinery or similar mechanical works. We 
ehaJl therefore have to treat of wood and metal turning, requiiing 
only a plain inexpensive lathe and accompanying apparatus. In 
■the " English Mechanic" and other engineering papers are advertise- 
inente of many descriptions of lathe, and we may add, of various 
^valities, including good, bad, and indifferent. The prices range 
apparently from £3 10s,, or £i, to any sum the reader likes to 
imagine, for hundreds are as easily spent in this matter as pounds. 
How, it ia very doubtful if a lathe can be made, worth anything 
at the firat-nnmed price, for this reason ; — The mandrel or spindle 
upon which the small cone or pulley ia fixed, and to the screw at 
the end of which the work to be turned is to be attached, must be 
not only itself true and straight, but must be also hardened, and 
in this latter process mandrels often warp or crack, or become 
otherwise out of truth. The oollrtr (or collars, if two are used) 
through which both or one of the ends of the mandrel passes has to 
undergo the same process, and it is evident that many of these also 
rfill be split or warped thereby. Mow a good lathe-maker will 
throw aside those that are cracked or much out of trutb, and those 
of really standard quality alone he will retain, and by subsequent 
jfrinding {a tedious process) will fit them for work. The conse- 
quence is, that as he has often to reject a mandrel which has 
ilready been carefully turned, he must, of necessity, charge rather 
more for such aa stand the test above-named. An inferior maker 
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tbem. Again, when a lirst-rate maker haa to fit two euofa. surfaces 
by grinding, he wilt utie oilstoiie jionder as the medium, another 
will use emery which cuU quicker, aud is consequently cheaper to 
use, but which embeds itself in the mctoil, and thus continues to 
grind when the lathe is in use, thereby causing the mandrel to 
work loose in its bearings. It is easy to test a good mandrel, so 
fur at least as liardneaa is concerned, for a tile will not touch it ; 
while a mandrel loft soft will be readily scratched by this tooL 
I^ ow, the mandrel of a lathe is fhe iiapoTtant part : a bad one ia 
scarcely worth mountiog; while a good one, straight, true, and 
hard, and running on its bearings without the alightest shake, 
is worth a great deal, and especially so because it 'will 
remain good for fifty years or more, and is worthy of 
being fitted with all kinds of costly apparatus. There is another 
matter worthy of note in respect of mandrels. Do not get a heavy, 
cliimay- looking afi'aii-, nor one which has a long bearing in the 
collar. It is sure to work heavily, and, besides, it will never be 
a pleasant object to look at. Ho one who has had experience in 
this delightful art would accept a mandrel which, whatever ita 
other qualifications, appeal's to have been picked up at a country 
blacksmith's. Perhaps the reader will ask, Will not a common 
cheap mandrel do very well for a beginner, or to turn up all aorta 
of rough jobs 1 No doubt it will ; but be sure of this, that when 
you are no longer a beginner but an adept, and when your jobs are 
no longer rough (that is, we may presume, unworkmanlike and iU- < 
tnadu), you will find yourself buying a new lathe of better quality, 
and the first will be seen to have been a throw-away of money, and to 
have absolutely prevented yon by its clumsiness and want of truth 
irom becoming a good workman. Get as good tools always aa your 
pocket will allow, and then take care of them, and in the end your 
workshop will have cost you less than if you had, aa so many have 
done, pursued a contrary course. Upon the supposition that a 
vast number of our readers are obliged to look a little to the qu6»- 
tion cf cost, we think on the whole the following will be tha 
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it course to pursue in setting up a lathe; — Send to a good 
maker or dealer whose name is a guarsnleo of quaUty for a Bet of 
five-inch heads. You may pay rather {very little) leaa for a four- 
inch set, and still less for a three-inch ; but though the latter may 
turn theoretically a piece of work of nearly six inches diameter, 
jou would have but a three-inch pulley on the mandrel, or at most 
a four-inch one, and, the lathe being all in proportion, this work 
■would be almost too much for it and for yoii. A three-inch would 
answer merely for light work, small engine cylinders and fly- 
wheels, and such like ; but it may chance that you desire to turn 
BOW and then much larger pieces, requiring a lathe of larger 
dimeDsious, and for the general work of the amateur Qve inches 
fi^m the lathe bed to the centre or axis of the mandrel is about 
the handiest size. Now, unless you wish to cut wheels with cogs, 
r practice orDamental turning, you will scarcely need a division 
plate on the pully (we shall describe this on a later page}, aa it will 
add i£2 lOs. or X3 to the cost. The mandrel-head with such 
division plate will cost .£5 to XT, and without it, therefore, you ought 
to get it for £3 10s., which isabout the price at Buck's, in Newgate- 
Btreet. Now a good deal may be done with a maudrcl-head aloue 
without the second or back centre head. The latter, nevertheless, 
will have to be added, and it is better to get it at once. It will cost 
from £2 to X3, if well made. If, however, you cannot afford this, 
you may get instead of such (which is a cyHnder head of the best 
construction) a cast-iron poppit with a plain centre screw through 
. it for XI or £1 5a., and it may do very well. You may therefore 
estimate the cost of a set of lathe heads alone at £A, and we repeat 
that they cannot be well made at a less price, though sometimes 
yoa may pick up one second-band cheaper ; but don't attempt this 

as you know well what good work ie, or unless you know that 
the person who previously had them would not have purchased an 
inferior set Now, if you have done aa directed, you have the 
fuicleus, BO to speak, of a good lathe, which will not disappoint 
you ; there is, nevertheless, a good deal to be done before you can 
Bet it to work. It muut be mounted on a lathe bed, and it must 
liave fly-wheel and treadle. An iron bed is the best, nicely planed, 
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and you may get Buch ao odb, four or five feet long, with iron 
standards and treadle at once Co fit the heads, thereby addiog £5 
more to the cost, or you may sot to work and substitute a wooden 
feed and frame, and put up with a very rough fly-wheel till you 
can do better. For, reraerabor, although a well-rigged lathe looks 
better and runs lighter, yet, theae lower fittings are of minor 
importance, and you may well supply them subsequently of more 
perfect design, usiag the more homely substitute for the present 
It is hardly necessary to give a diawing of a lathe, because the 
machine is well kuotvn to amateurs ; but the above udviee as to the 
purchase of a good mauUrel-head is sound and pmcticiil, aud 
worthy of attention. We have, nevertheless, given an illustration 
of a, very useful kind of lathe with some additional apparatus oiten 
used therewith, Fig. 125. Now, supposing that the above price is 
still beyond the mark, it will be necessary to put up with a lathe 
of inferior workmanship ; and, perhaps, in this case it may be as 
well to buy one complete, or, if not, the heads of the simplest 
makemaybe possibly obtained for jE2 lOs. to £3, and at this figure 
a. lathe of four or even three inch centre is to be preferred. Mo 
doubt good work ?ias been done wiih such a machine, but a little 
occasional troulile of screwing up, as the maudrel gets slack, and 
readjustment of parte, must be put up with. A triangle bar lathe 
of three or four ioob centre, with flat rimmed pulley aud plain fly- 
wheel underneath to take a atrap, ia the easiest to fit up, because 
the stand for the fly-wheel may be independent of the upper part, 
aud any two inch plank will do for a bed, being handy and cheap. 
Lathes are made of this paUern quite good enough for models in 
braaa and ifrnall metal work. The article to be turned has to 
be attached to the mandrel, ao that when this b [lut into 
revolution by means of the fly-wheel and treadle underneath, 
a tool held firmly in contact with the work will cut it into a 
cylindrical form of more or less accuracy, according to the skill of 
the turner and the correctness with which the mauilitl revolves 
in ile bearings. Now, in order to attach the work thus to the 
mandrel, a set of chncka is necessary, the forma of which are 
' miouE to suit work of all ahapea and sizes. In the ^H Jigure of 
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this MCtion, Fig. 135, A is the nooe of the mandrel, to which thv 
cfauelu are scruwed ; B, the ptillef, or cone of wood, or metal ; C, 
the tighteniug screw, or back centre point, against which Iha 
mandrel turns, the jKiiut of the screw enteritig a conical hole in the 
mandrel drilled to 6t it. This screw and the mandrel being both, 
in good lather, o/(/te best Bteel hardened, tlie point weurs but little ' 
even aft«r many years' use, especially if it is so made aa not 
touch the bottom of the hole, which ia usually the caac 
altnai/s in heit work. Whenever, in fact, a revolving axle has 
b« thus supported by centre screws, the hole in its end should be 
of the form shown in section in Fig. 1 26, that is, it ia to be drilled 



with a smatler drill at the bottom than at the upper part ; so-thata 
conical point, such as a ceutre-bolt, will touch iu sides but not abut 
against the bottom of it : thus, not only will the extreme end of 
such bolt be preserved in its sharply -pointed state, but the small 
Csvjty which thiu exists beyond it will retain the oil up|ilied tp 
lubricate it, a most important desideratum in all such cases. 
{ liucks are of wood or metal, and sometimes of both combined. 
Those of wood are easily made, it being only uecessury to take a 
block of the required »iize, generally a slice of three inches or so 
in length, and of diameter suited to the work, cut from the end of 
a round piece of boxwood, ash, beech, or other availnble material. 
In one end a hole ia bored rather smaller tbau the screw of the 
niHndi'el, upon which it is often pcrewed by force, thereby oansing 
the mitudrel to cut within the hole a screw similar to its own. 
This is at bebt aclumxy method. After the holeia bored, it should 
be cut inside with a tap of the same pitch or thread as the mau- 
drel screw, upon which it can then be readily mounted. Such 
taps can be bought at tool shops to suit any work of this kind, 
whether metal or wood ; and a set of three for the foimer and one 
for the latter will be found very convenient. There is, however. 
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l&uother metbod, to be hereafter expiained, of cutting such » 

I screw-. Again referring to Fig, 125, two i'orms of back poppit are 

I shown, B Slid F. Jn the first, the centre point advances and 

' recedes on turning the screw without itself turning round. The 

point T, shown separately on Fig. 126, is also removttble, and others 

can be substituted in place of it. Tliis form of poppit is in all 

ways the beat, especially when drilling io the lathe is practised. 

is, however more costly than F, which has simply a pointed 

ew passing through it which can be clamped by the small bolt 

The extreme end, however, can, if preferred, be made reuiov- 

able, in which case it will he sufficiently serviceable, and may 

fairly take the place of the cylinder head E. These poppita, and 

likewise the hand-rest H, are secured by bolts screwed into them, 

at the lower end of which a thiimh-nut works, as seen in the 

drawing. The lolt passes through thecentre of the holding-down 

pUtes, of which the face of one is seen at X. The upper part of 

the rest, called a T, slides up and down in the upright socket R and 

I be fixed at any height by the screw at the side. There are 

ig and short Tees — those for metal turni ng being made flat at the 

ric.i27 F\a.oa 



top, as Fig. 127 ; those for wood generally have the form of Fig, 
12S, and should, as it were,&iiire orer, so that the edge on which 
the tool rests, and along which it traverses as the work proceeds, 
can be placed as clnae as possible to the piece to be turned. If the 
latter is of great leugth, two rest sockets are used, nud the long 
T requisite in such a case has two legs or tangs. M M are 
crank chains (a kind of flat broad chain specially made for this 
purpose) ; they pass over the cranks and round two rollers on the 
treadle, which are seen in Fig. 129. This is the best way to 
connect the treadle with the crank ; as the movement will be 
smooth and BOfiy, a mere hook will, however, answer the purpose. 
The pointed screws B S, of hard steel, support the axle, the holes in 
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tlio latter being drilled an b«fore shown in Fig. 12< 
imperior method is to use frictiou rollers, Fig. 130, v here a a 
r«preaeot two ^inall brass wheels, about Sin. across the face, and 
half at' inch broad, their edges at least turned up bright. These 
•re moiiiited on their pivots so as to overlap a little, and the enda 
of the lathe axle are simply laid npon them aa in the figure, its 
WL>f;ht keeping up a constant rolling contact as it revolrra. This 
IB by lur preferable to the sustaining screws, rendering the work of 
the Irgn almost noininaL The ends of the axle must be tamed 
with a Hlioulder tu prevent end motion ; and it ia convenieat to 
carry it through the atandardsso as to be able to afford, outtide the 
Utter, ao extra pulley for coonecttoa with any special shaft of 
overhead motion. In many lathes the axle is not craitked but 
straight, a crank being then keyed on at each end ontsida the 



slanditriis to take the crank chains. To carry this, which ia a neat 
plan, into effect, it is neceaaary to let the ends of the back bar of 
the treadle pass through bearings in the feet of the standards, and 
to attach outside the latter arms to receive tho crank chain pulleys. 
There is no practical difficulty in this, and the straight axle ia more 
desirable, beNides the advantage afforded of remoring the crank 
chains out of the way of tho legs. In respect of this last point, 
moreover, it would be better if possible to get the fly-wheel also 
outside the standards, or, at any rate, to move it back so as not to 
project at all in front of the lathe. In some old Fi-ench lathes, the 
fly-wheel was placed overhead upon a strong pillar carried up by 
the left-hand standard, or forming an extension of the latter ; this 
givea a clumsy lop-heavy look to the lathe ; otherwise the purpose 
is sufficiently answered of moving the large wheel out of the way, 
and with it the lathe cord, so that (aa in a machine lathe) the whole 
bed is clear fi-om end to end. There ia no reason why the crank 
and fly-wheel fhould occupy the place usually assigned to them, ai 
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they might be advantageoiiaty mounted on a separate xtand, inde- 
pendently of tliat which supports the bed of the lathe, provided the 
treadle be still brought into a. coDvcnient position. It is only for the 
sake of handineas, in other respects, that the crank axle is placed 
below the bed, and that the lathe may be complete in one frame, 
I£, for instance, the fly-nheel were outsidej as Fig, 131, aod the 




mandrel tnrned ronnd aa shown, on special occasions it would be 
possible to turn a small table, or any article much larger than 
could otherwiae be managed, but the bed must slightly overlap the 
standards to enable the poppit to be secured and also the rest ; 
the latter however might be contrived somewhat differently for 
BDch exceptional cases. There are one or two drawbacks never- 
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tWen to thn position of the wheel here ahown. Id the Grst pkc^. 
though the wheel and cord are out of the way, the standard now* 
tuktw up a similar position as regarda the turner, and the only 
re*ltj practical method of overcoming all drawbacks is to carry the 
htthe-<iord from the wheel outside the Htandards to a shaft overhead 
ftnd thence down again to the nmndreL The additional friction of 
the Hhaft through its beariuga has iudeed to be overcome; but if 
friction wheels are used on the cr&ak asle, and the parta are all 
well made vith hardened ateel screws and well-drilled axlea, tba 





advantage,^ of such a plan will be gi-eat, as the mandrel-head can 
be placed anywhere upon the lathe bed or faced either way as most 
convenient, and the overhead motion anawera for puqjoaos of screw- 
cutting and ornamented work when required. An illuatration of 
Buch an arrangement is consequently given in this place, which 
may, of courae, be nevertheless modified if desired. The whole 
■ppajatus, too, may be simply beyond the bed instead of overheocli. 

od thus can be attached to the frame of the lathe itself. This 
the conetmction represented in Fig 133, B B are uprights of fliti 
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^n bar, made into a frame liy cross sUys E F, and hinged at 
the bottom to a frame G G U IL, the ktter being secured to the 
\ted or backbourd of the lathe. K K are curved steel spring, 
l^iding to cauae the upper frame to lean backwards, thus keeping 
|^> the tennien of the lathe cords. ADC are three poUeys or coaea, 
tf which A 13 fixed to take the ooi'd from the fly-wheel of the 
Ikthe. D and C should be free to slide upnu the bar, on and with 
rhich all the pulleys revolve, and may thus be put in any position 
upon the same, and clamped by a screw when in place. The 
JistancB B B should be that of the length of the lathe-bod, the 
}ieight about two feet, and the whole should be carefully and 
•troDglyput together. For special purposes the pulleys may at any 
time be replaced by otbera of a larger size. It is just possible 
itbat the cord from the right-hand pulley may come ia the way 
of the work when used to convey moLion to the screw of the 
dide rest for self-acting turning and acrew-cntling, bnt this will 
«irely happen. It may be prevented by having long slots in the 
part H H, so that the frame can be bodily shifted farther off or 
Bearer the tathe-bed, and it would then be clamped by large-headed 
bolts and nnts passing through the backboard. It ia not necessary 
io detail other modes of arranging the overhead apparatus of lathes, 
Ba they vary according to the tastes of the makers. All that is 
jieceasary, ia to have a method of keeping the cords tight, either 
by balance weights or springs. The pulley C is -also replaced by 
pome makers by a long roller, so that the cord may be placed at 
my point over the work to be turned, without the necessity of 
fdiifting the pulley. It is a good plan, but sometimes the cord may 
idip on the smooth surface of such roller, hence it is also not 
anfrequently grooved, 

A great deal of the ease with which turning is carried on depends 
Upon the chucks used, for in many cases it is a work of time and 
^toouble to arrange a plan by which the piece to be turned can be 
liatisfactorily secured to the mandrel. Wooden chucks are of 
iQecessity often used, as already stated, being simply blocks of the 
>required size screwed to the mandrel and afterwards hollowed 
out to receive the work. These have one advantage, namely, the 
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bcili^ with which they are made and Filtered; and, even when H_ 
Jathe ia fitted with an assortment of metal chuoka, those of ^ 
cannot be dispensed with, but they should not be wholly depended 
upon where great accnracy is required, and, after much conaideration^^ 
the writer recommends two chucks, Figs. 133 and 134, to be added 
to the UBUal list, of which a sketch, with description, will be given. 
It is true both are somewhat espensive, but their use is unqueation- 
tbU,and itia very difficult to wholly dispense with them. Adetailed J 





description is given in a later pagft Of metal chucks indispeTisabli/ i 
necessary are, firat, the carrier, or dog chnck, for turning bara ofa 
metal, Fig. 1 35, ABC. The body, or main part, of course si 
the mandrel. Through it is cut a square or rectangular slot, into "1 
which is passed the leg of the L-ahaped driver, and this is clamped 
by a Bcrew seen at the side. Into the face of the chuck is fitted a 
centre point of hardened steel. A' is the carrier, of which there 
should be several kept for various sizea of work, Thia is slipped 
on the end of the liar to be turned and secured hy its screw. The 
tail of this driver is generally solid, but it is better to have it made 
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■WLth a fork, into wliich the drivor will pass. la Fig. 136, a bar 
M fixed ready for work. When thus made, the carrier eannot 
move from the L-shaped driver, SometinieB, this chuck is dif- 
ferently roiiatmctea. The carrier plate has u slot to receive a pio 
which pofisCB through it, and is held by a nut at the b;ick. The 




centre point is either screwed into the face of the plate, or dropped 
iato a conical hole, being then formed like Fig. 126, which also 
Barveato represent the end of the har properly drilled; and it raiy 
be observed that the holes or centres made should not be obli- 
terated when the work is finished, but retained, so that if neces- 
sary for repair or otherwise, such pieces can be returned to the 
lathe at any future time with the certainty that they will run 
truly as at first. A, B, and 0, Fig. 137 represent the fork or 




prong chuck, commonly used for bare of wood. The socket C, 
which ifl the body of this chuck, has an internal screw and 
attaches to the mandrel, and oppo.iite to this another hole, which 
should be circular or cylindrical, into which not only the prong 
represented will fit, but also drills, and even occasionally pieces of 
stout wire or small rod, to be turned up for screws. Such drills 
are frequently made with a square shank, and the hole in this 
chuck is very generally made Kquare ; but this is not a good plan, 
i2 
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M their centnJity cannot be so well secnred It is much better 
to make the Rhaiiks ronnd, merely SHtt«Ditig tbem at one side tn 
take the |iii(tiure of the end of the clamping screw, which will 
jirevent tliem from turning round in the cliuok. The fork 
end other fittings are also thus flultened. Ani>ther form of 
chuck for pieces of wond, whii-h in niony riwpecls is better 
than the prong chuck just described, is represented in Fig. 138, D. 
This is wholly of nieta], the cross on the face of the sanie being 
of thin stael standing np from one-six'eenth to one-eighth of an 
inch. D represents the end ot a piece of wood to be mounted on 
tbia chuck ; and it will be seen that two saw cuts are made at right 
englea which admit the steel cross, and when the back centre is 
Rcrewed up nothing can exceed the steodineRS with which the work 
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is hold. It cannot possibly slip or get out of centre, whei-eas, when 
the prong is used, stich mishaps are not unfrequent, especially with 
learners, who have a wonderful knack of catching the point of a 
tool in their work. This chuck may be either made with a flattened 
tang, like the pi'mg, so tm to fit the same socket, or indei)endent, 
so as itself to screw to the mandrel ; rods of metal may be similarly 
mounted, but the carrier chuck ia most generally used for this 
purpose; in caseM, however, where the carrier would he in the 
way this cross chuck may become a, uaefiil substitute, i'ig. 1 39 is the 
taper screw, used to mount short pieces requiring to be bored or 
Dtherwise turned at the end, and which consequently cannot be 
4ere supported by the point of the back centre. The latter may, 
Jeverthelesa, be advantageously Applied during the operation of 
roughing down and turning the cylindrical surface of such pieces. 
It can then be removed for the subsequent processes. Fig. 140 ia 
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' & flat disc of metal with five short nteel points projecting from ita 
This is very useful to support thin piecea of wood not 
reqiiiiing to be turned on both fuces. It is a eo/t wood chuck 
much used in making platters fur bread and such like work, the 
hack centre iniiBt generally be used to press the work firmly 
against the points. A careful hand, however, will find no difficulty 
11 removing the centre point for the nnishing toucli whereby its 
mark may be obliterated. The /ace plate for wood ia merely a diac 
like the last without the poiubi, but with several bolea drilled in 
iintersuGk at the back. The piece to be turned is held by 
ordinary wood screws of various lengths according to the thickueaa 
of the piece, care being taken that they are not so long 83 to hazard 
penetrating the wood completely when the latter shnll nave been 
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turned, else the chisel will, of course, be spoiled. It i; 
plan to have several such chucks, of different sizes, which c 
attached to wooden blocks for the purpose of making the latter 
into cup chucks. When these are done with, others may be sub- 
stituted. Thus the boring and tapping of the wooden chuck itself 
is no longer required, and pieces of wood of almost any shape, and 
not thick enough to allow of being tberaselves bored and screwed 
to the mandrel, can be utilised. The above chucks are for the most 
part Eoitahle only to soil wood- Box may, indeed, be filled o 
taper screw, Fig. 139, a hole being first bored in it rather smaller 
than the base of the screw ; but the latter, if long and able to 
be used with the back centre, is better mounted > 
chuck, Fig. 1 38 ; and if short, or requiring to be bored or faced, it 
intly held in a cup chuck, Fig, 111, 



II* m ixinrnt mxcbarkts woeohop. 

Motal ar wood, of which m^nj »im wilt h&re tc be prepared. We 
aov MBM to (b« two obncks Rpresented in Figt. 133, 134. These 
S« cf fWj nular ootutruction, bnt Fig. 134 is much larger than 
Ifa* oUwr. The UtUr is called a «eif-centering, jaw, or scroll 
cfcyck. Tbere an wyeral wa3rs of making it; bat the ooe repre- 
aMttod Iwa mmplj two carred jaws, which, upon turniag the screw 
whid pMite through a boas beneath each, below the level of the 
wnttBB, advaDce nmnltaDeonelj towards each other, both beiDg 
kiwaj* equidistant from the centro. Thus any cylindrical piece 
grasped between them when the chnck is on the mandrel will run 
tnte. FiniiLed work may thaa at any time be replaced on the 
lathe with ourtainty of being mounted concentrically with the 
mandrel. The screw i» merely made half with a right and half 
with a left hand thread of equd pitch. Thia screw is prevented by 
collars ftom iteelf mo^ng endwise, it theref jre of necea^itj draws 
tc^ether the jaws which below the sui face plate become nuU to the 
screw. The jaws represented should be removable at pleasure, and 
others of less diameter, or of angular form, should be made to screw 
into the nuts above taentloned. Fig. 133 is made in a similar 
way, but is much smaller. It is called a die chuck and must 
be strongly made. The dies are only made to hold small pieces 
of metal from jin. to ^in. or thereabouts in diameter. It is very 
convenient for tiiiniDg small screws, and similar work, which have 
to be tnrned and tapped without removing them from the Intbe; 
they can then be reversed if the threads are protected by a fold ol 
leather or lend, and the heads turned up and polished. These lait 
chucks aro so advantageous that the writer deems them almost a 
necessary jiart of the lathe, although from their cost they often 
have to be dispensed with. The first is, to a great extent, a universal 
chuck — for instance, it will serve for the following and many other 
purposes ;— A piece of wood sawn from the end of a stock can be at 
once centrally placed, and securely gripped, and thus may bt 
immediately bored, faced, or turned for use as a cup chuck, or, if 
desired, may be turned and finished as a bix or other desired 
(ipecimen. A rough brass or iron casting may be similarly mounted 
without any preparation or loss of time. A Wii^ of metal or wood 
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I be slipped over the jawa (whicli are then caused to recede 
from each other), and can be turned on the outside. Whea 
'nilered true, it can be removed and placed vnlhin the 
cd can thus be intenially turned xip and faced. Metal 
cup chuckfl in the rough CEistiiig can be first held face down- 
Vard, so that they can be bored and tapped to fit the 
mdrel, then tjansfeiTed to the latter to be finished without 
nnd within. Boxes and other work, previously turned and 
laid aside, can be, by the uae of this chuck, correctly re- 
lated for purpoaca of ora amen taf ion. These few instances of 
^be use of the self-centering chuck are adduced to show that to 
'^lie amateur it is at least loorth its coat. It should be made aa 
3ight as consistent with strength and the uses for which it is 
designed. The die chuck ia often replaced by a cup chuck, the 
:metal of which ia thick enough to give firm support to six or 
Height screws tupped into it, the points or ends of which converge 
to the axia in two pliines. The screws are therefore placed 
t-adially — three near the mouth of the chuck, and three nearer to 
its base. If the die chuck is omitted, this one niust take its place ; 
but the metal should be so thick that the heads of the screws 
project as little as possible, even when drawn out to the utmost, so 
that their inner ends are flush with the inner suvfaco of the chuck. 
This ia managed by tapping them into place, and then adding a 
thick ring, with holes bored round it, to receive the heads of the 
hdrawn. In this way, as the latter seldom 
project beyond this ring, the knucklea are protected from un- 
pleasant knocks and excoriations. Small rings of wood or metal 
require a chuck which is generally merely a conical spindle, upon 
which they can be lightly driven. Sometimes, instead of being 
inade conical, such spindle is the same size from end to end, 
screwed, and furnished with a nut, or a couple of nuts, between 
which any ring or disc can be clamped. A difierent-sized spindle, 
however, becomes necessary in this case for rings of large or smail 
internal diameter. To overcome this necessity, the following is a 
good and valuable plan : — Make a spindle, of any standard size 
ji'eferred, according to the probable sizes of rings, washers, Ac, likely 
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to be nenilnd ; W iMBlM'llMlfC three auch Bpindtcs of assorted sizes 
Ki-or llic tefb-I)Uid end nffix a flange, and from this to tbe right- 
hniid end cut a sorew tliread. Muke a round nut to suit this 
Hcrew the aataa size us the llaiige. Now, if the ititemal diameter 
of the ring to bo turned is the same as that of the screw, it may 
ovideutly Ue merely slip{ied on it as far as the Uange and held 
tightly Iiy the uut. But, ii' the nng does not thus fit either of 
your Bet of inaudi-els, drill a hole through a cylinder of wood, 
which tuill thus fit upon the screw, and turn down this sleeve or 
socket until the ring driven on will fit it tightly. This cylinder of 
wood must, in length, be rather less than the widlit of the ring to 
be turned, ho that the latter will be held tightly between the 
flange and nut when the latter is screwed up againat it. A Brmilar 
arrangement will suffice to turn up small cylinders, which should, 
however, be first bored and then slipped on such a maodrel as 
that described, whea it may be finished on the outside with 
certainty of the internal and external surfaces being concentric. 
Another kind of mandrel, wholly of metal, will hold tubes of 
various interoal diameters without any such wooden sleeve as 
described. Let tbe screw be made as before ; but the fixed flange 
must be made conical, tbe small end |>ainting to the right hand. 
The nut is also a similar cone, but pointing towards the other. 
The tube to be turned will thus be held between and partly upon 
the two cones, according to its diameter, tbe screw no longer 
serving in any degree as a support to the work, but merely affurd- 
ing the means of bringing the cones near each other. It is a good 
jilau to run a milling tool over the auvfuce of these cones after 
they ai-e turned, to assist their intei-na! grasp of any thing thus turned 
upon them. There are few articles that cannot be turned upon one 
or the other of the above chucks. Tbe face plate for metal is similar 
to that described for wood, with boles for screws ; but the former is 
made with slots as well as holeS; and various clamps of iron are 
fitted for use with it, to hold down upon its face any object to be 
turned, such as wheels and metal discs. The self-centering chuck, 
however, with two jaws, will also hold such articles secui-eiy ; and 
there are no clamps and bolts to come in the way of the toola 
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TUXINING OF WOOD. 



i' The principle of turning ia simple enough, as ifc merely consists 
u&ap[)lyiug the edge of n. suitalile tonl httld firmly upon a support 
^ contact with a more or lesa cyliudrical piece of wood or metal 
inupended between two [lOiDts and in a utate of rapid revolutioD, 
lawheik a shaving or Bhaviogi^ will be detached and the work reudereil 
|!fenie and even. The pnietiee is quite another matter, aud cauucit 
^be leurned witliout time and atteatian; but, although uo book cun 
.adequately teach the art, there are certain rule.'i of manipulation 
giwhich can and must be thus put before the tyro, and which will be 
^ the greatest possible assistance. Fur instance, a wrong tool, or 
JA right one wrsugly held, or badly sharpened, of necessity will 
ijather make bad work or none at all; aod the object of the present 
Lworkis to prevent disappointment aud the disgust which arises from 
l«fiiilure in thiadeliglitful art, to say nothing of additioual pecuniary 
''loss in the destruction of tooia and materials more or less costly. 

For turning the soft woods, alder, wiUow, beech and biich, 
JDiahogany, sycamore, and similar material, few tools are needed — 
Ittie gouge and chisel alone sufficing for moat operation*. Three 
iBizes, however, of each of these should be procured. They must 
,|)e well grouad with long beveb, and then sharpened upon the oil- 
iBtone, as directed when speaking of carpenters' tools; and, once for 
pll, let the rule witftout one exception be noted, that, unless the 
Jlools are k<rpt sharp and keen aa possible, only the most impei-fect 
iand bad work can be done, thongh the lathe aud its appliances 
^nay be of the beat. As an example of the most simple work, let 
jSt be required to turn a tool handle. Take a piece of beech or ash, 
Uboat eight inches in length, and of a diameter rather greater 
i&Bii the proposed handle at its largest piii't, set ib upright in a 
f*iee, or hold it thus in any other way, and make two slight saw- 
tonts, as in the Fig. 138, D. Screw on the mandrel the cross 
;ehuck and thus mount the work in the lathe, bringing up 
movable pop^iit and causing its point to enter slightly 
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tbe end of the wood. Do not Krew op tight until yon bave 
tried by a turn or two of the maudrel whether the wood tuns 
pretty Bocurately. If bo, tighten up ; if not, shift it as rei^uircd. 
Put a drop of oil on the point of the back centre, and drop 
some through the oil hole of the fixed poppit to lubijcate tha 
mandrel and collar. I>o the i«nie at tbe other end of the mandrel^ 
Kb the bearings of cnink shaft aad treadle-cranlc book or chaiua. 
Take that T of the reat which will reach from eod to end of tb» 
piece to be turned, or nearly so, and let the top of the T 
be OD a level with the axis or centre line of the work and raaodrd, 
or a little below it, and set the rest so near that ihe work as it 
reToIvee wiU juat clear it. Take a medium-siEed gotige, and ai 
the lathe in motion, not too rapid at firet ; but whrn yon can turn 
readily after practice, the faster the better for soft wood^ Lay tbs 
back or rounded pait of the gouge upou the rest, holding tha 
handle in the right hand with the thumb upwards, and grasp tha 
blade near the rest with the left, the little finger being next tha 
work ; the slope or angular position should be such as to bring tha 
edge at a tangent to the work, in which poaitiou it will cut^ 
whereas, if held horizoutallj, it would scrape, and tbe first touch of 
the wood wiiuld cany oflf the edge and probubly break out a 
Iiandeorae (1) notch as well. The handle of tbe tool will Uius b« 
low down and is to retain this position. If, however, too little of 
a out aeema to be taken, raise the bundle until the tool appears tft 
do duty fairly. Am, however, it is rather desired to set tbe learuae 
right upon principle, a few words in way of explanation may not 
be amiss. It is not that the tool need necessarily touch the wood 
at any particular point, nor that it reqmres to be held with tha 
handle sloping downwards ; but certain conditions have to be 
fulfilled to make it cut properly. In Fig. H2, if the reat ia at A 
as directed, the tool can be held at 2, at a tangent ; at 1, at vight- 
anglea to the axis of the wood, or at any intermediate position. 
At 1 it will scrape, at 2 it will cut well, at any intermediate 
position it will lend to do one or the other. Now let the rest ba J 
raised level with the top of the work, and (Ae right position for 
tool it kotixonlal, which before was the worst in which it coulAl 
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be placed. Hence we obtain the rule for cutting tools of this 
The bevel whieli is next the work muet Toake as Bvtall an angle 
with the work as possible : in other words, tlie under surface of the 
lool must lie as flat upontlie work ai it can bo made to do without 
ralibing. Thus it will be evident that the bevel of the too! should 
Bleo be flat or concsTe, never coDvex, or the angle muat be unduly 
lauBe the edge to cut. It will bo found hereafter, in 
ering the aotion of metal-turning toola, how generally easential 
Hie observance of this law is. Having placed the tool properly, the 
tendency of the rough piece of wood will be to jerk it off the rest 
towards the operator, and this is to be resisted by holding the tool 




Irmly ; nevertheless, it is almost certain to be tbnecanaed to jnmp 
rom the work a little at first until the rougher projections have 
heea cut away. It will then run more evenly, and less 
4iflSculty will be found in keepinc; np the tangential position 
af the tool. The latter has, of course, to be moved alogg 
^e rest as the work proceeds. Most workmen who have 
to oopy any particular pattern, as, for instance, a tool handle, take 
ze with the callipers {Fig. 1 43) of the largest jiart, and reduce 
the wood to that si/.e at the right spot. They then take the 
measurement of the recess or small part next to it, and cut dowu the 
fpaterial to that gauge. Then tliey are enabled to out boldly and 
arenly from one to the other. This is a good plan, the result ai 
|)tantii5al experience, and should always be followed where possible, 
In turning a cylindrical piece to a given size, it is far easier to turn 
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(luwn two or Ibree plnc^s first of fttl lo gaiigi^, and then to cut nwaf 
quickly and boldly the intervening sarplua sub:<tance, than to kefp 
ou cutting and teeticg with tlie callipers (Pig. H3)aB the work pro- 
ceedu. Sup|)OHirig the gouge to have reduced the piece to the required 
□ tbechl»el must be taken in hand to finiiih it smoothly from end to 
end. Thin tool u difficult to use at first; but the chief mit is of the 
ii^iTMr angle ditching in the work. The tool should tie as flat as poa- 
Btble ; but thai u|i|>Er corner must be kejit clear of the work. The 
na. us. 




tool, is ground at an angle different to the carpenter's chisel. Thv 
edge is not square with the side of the tool, and it has also a 
double bevel, like that of a carpenter's axe. It can thus be laid 
either side downwatda, so that the acute angle may be above or 
lielow the work, at pleasure; but, whether you have this or tha 
obtuse one upwards, it must, as aforesaid, be kept clear. 

There will probably be found a slight difficulty at first ia 
turning the deeper hollows of tool handles and such like in making 
the two downhill cuts meet at the bottom without leaving a ridge 
or rough place. A little pmctioe will overcome this ; and although 
at first a rub with Band|jiiper at the junction of the cuts may ba 
necessary, this and all similar abruaive material should be dis* 
carded as much as possible, as the best surface that can be given to 
turned work is that produced by the clean cut of a sharp chisel. 
Some kinds of work, especially that done by the gouge, and 
surface work as tho face of a bread platter, may require to ba 
finished by the application of fine sandpaper ; but these should bo 
considered exceptional cases, and the turner should always strive 
to finish with the cutting tools alone. Tool handles require & 
ferule to pioveut the wood from splitting when the tang of the 
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ia inserted. The place for this ferule ahoiiid be turned down 
I before the final cut is giren, or even befire the handle is fully 
■haped. The ferule {out off the end of an iron or brass tube) may 
then bepntin place, fitting tightly, and the handle returned to 
the lathe to be completeil, afler which the ferule may bo turned 
■np with a graver or other Biiitable tool, or jiartially liniiibed np 
with a file, which in many caaea will be siiflicieiit for the purpose. 
■An old guQ barrel will make good iron ferules, but thoy can also 
be purchased' by the lb. in London, where ihey are cat off the 
tube as required by a circular saw. The amateur ia strongly 
fcdviaed to do aa much turning as possible on the softer woods with 
gouge a.nd chisel alone, as these are the most useful tools of tlie 
genei'al turner, requiring fur more skill and practice than those 
oaed upon hard wood. The latter rather scrape than out, and 
their use is .more readily acquired in consequence. The gouge ia 
a famous tool when used as it ought to be : it will leave the work 
quite smooth, and will square off the ends of cylinders, and face up 
fiat Bui-faces in a wondei-fully ready manner ; but a little extra 
practice is rcqvisite to produce these effects. In both the latter 
oases, the back, and therefore the bevel of the tool, resti flat against 
the work, the edge being just allowed to cut and guarded carefully 
fiom the tendency to draw itself in deeper. A great deal of flat 
Work or facing is done in this way, the rest being placed as near as 
possible to the work ; but there are other tools used for this 
purpose, and wbich some think effect it more readily. They are 
Balled" broads" or " flat tools," and will bo described presently, la 
^tting off the ends of cylindrical pieces with tbe chisel, care must 
ifee taken to hold it either perpendicularly to the work, and to use 
'the ahavpest point, or to incline the ujjper angle rather away from 
the work, or the part of the edge not in cut will be drawn in as 
tlie piece revolves, and trace a screw npou its surfaces, defacing 
irhat was already fiuished and otherwise damaging it As 
M test of the learner's capability of using the gouge and chisel, 
Ite may try to make a round ruler of mahogany ; if he can effect 
this without the use of sandpaper, he will find little difficulty to 
mtond with in his fiiture work upon the lathft There is a great 
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dwl of twitted work used io the present day, such as was ia 
ftahioD in the roign of EUzabeth of queatiouable memary. It ia 
not very difficult of execution by hand toola alone, and indeed by 
far the greater quantity of such work is thua aceompliahed ; 
althongh it is ao regular it appears to have been effected by a 
machine. On the right-hand side of Worship-street, going east 
towards Bixhopagate, is a small turner's shop, where no doubt a few 
shillingH would obtain practical information upon the subject, for an 
immeuae quantity of twisted work of various patterns is d 
and well done too. It is in some degree, like other turned work, a 
question ofpractice; but the plan to be pursued is as follows: — ^Tum 
a oylioder with ita mouldings at the ends, or, if preferred, let the pieoe 
be turned slightly corneal instead of cylindrical. This must now be 
marked for the twista, and on the whole, especially if a number are 
to be turned precisely alike, a knife may be used held at the 
necessary angle in contact with the piece, which will indent 
a screw thread, or spiral, upon ita surface. There is a way of 
marking it by niling longitiidiual lines crossed by others drawa 
round the piece, and the spiral is traced through the 
intersections of these lines; but the proceaa ia tedious, and the 
knife edge will be found on trial easy aiid convenient. As an 
experiment, to show how the thing is to be done, set the lathe in 
motion and let the edge of a knife held loosely in the hand rest 
upon the work, It will be carried forward if held with iU point 
slightly directed towards the mandrel while ita blade is held 
perpendicularly to the surface, and it will be noticed at once that 
the more sloping the knife is held, the coaiser will be the screw or 
twist. Hence, if a small block of wood is taken two or throe 
inches in length, and a saw cut is made across it at an angle to 
receive a knife blade, ao long as the edge of this block rests truly 
against the work, the blade of the kutle will remaiu at the same 
angle and will trace a true and even spiral upon the revoMng 
piece of work. There is no more easy method of effecting such 
tracing of a screw thread ; and it is only necessary to have a few 
blocks with saw cuta st different angles, to enable the turner to 
give as few or as many twista in a given length as he pirasea, This 
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plan has indeed been modified to produce an inatruraeot for tiacing 
screws on wood or metal, as well as for cutting spirals, and as it 
may be considered a useful anuDgement, it is introduced here, from 
a communication to the " English Mechanic." 

?ig. 144 repreaents a revolving cutter in a handle auch as is used 

for putting a milled edge to acrew heada, but without teeth or other 

pattern. This, applied to the surface of arevolvingcjlinder, would, if 

I held so that the cutter ia perpendicular to the axis of the work, merely 

I foace a ring round the pie«e. Held at an angle so as to lean towards 



o 



the mandrel, it will tend to creep along in that direction, and t* 
trace a spiral. To enable the turner to place the cutter thus, at 
any given angle so as to trace a close or a coarser thread, the small 
cast-iron block is added. The shank of the tool is turned in one place 
to fit the large hole in this piece, and there is a mark, or, if desired, 
Bereral marks, by which any angle can be readily obtained, ao as to 
repeat any spiral previously cut or to originate a new one. The 
nnder part of the block is planed to slide evenly upon the edge of 
the ordinary rest, and it might perhaps be better to form it into a 

I rebate, or cut a groove to make it move upon the rest more surely 
n a atiuight line. The tool being placed as desired, is clamped 
t screw, and will be found to woik extremely well. 
After having marked one thread of the spiral, a aecond mark must 

I be made in a similar way to determine the thickness of the thread 
T ridge which is to be left, aud the intermediate parts which will 

I remain between any two of such double lines are to be cut away 

I ntrefally with a very sharp gouge. Lest the thread be intrenched 
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upon tnd chipped, however, it is better to take a fine tenon (aw, a 
followiogthD linM, cut n little way into the work aa a commencements 
the gouge can then be used with greater certainty and freednm, 
Tlieae directions pertain to a single thread only, bat generally odi 
or two others may with Advantage be made between the riil;^ o 
the first. For this purpose it is necessary to divide the end of the ' 
cyllDder by ninrks, in pencil or otherwise, to determine the 
mencemeiit of each ajiiriil. If the mandrel pulley h&s a division 
pin le upon il, this may of course be ditue without difficulty; 
not-, as only a very few divisions are necessary, no great difficulty 
will be experienced in marking its fac^ with a pair of oompaBsea- 
ronnd the circumference of a circle traced npon it for the pqrpostt 
as it revolves. Twelve snch markit will suffice for thi 
Trill enable tho turner to arrange two, three, four, six, &c., threads at; 
pleasure. It will only be necessary to bring the required mark to 
some fixed point to start with, such as a pointed wire driven into 
the poppit and extending to the face of the pulley exactly upoo 
the circumference of the circle in which the marks have been made. 
To cut out what is to be removed, the pulley must at first be pulled 
round by hand ; but when the first cuts have been thus taken, it 
will not be difficult to use the gouge while the mandrel ia revolving, 
as usual, by means of the treadle. It is necessary, nevertheless, 
to take care not to overstep the grooves in this operation, and a 
coarse round rasp may be used to facilitate the vork, to be si 
ceeded by glass-cloth or sandpaper ; or a kind of plane, with 
round-edged cutting iron, may be run along between the threads 
Jintil ready for the sandpaper, which in this work, especially if o 
deal, can hardly be avoided. If the threads are to be ivDundeil, 
instead of, or in addition to, the hollows, this may be also effected 
by the rasp, although a plane with a hollow iron may be nsed for 
the same purpose. The rasp ia tho more usual tool for this work 
We have referred to a tool called a broad for levelling the flat si 
face of lathe work, such as large platters, and eimilar pieces, which 
are not easy to finish with the chisel and gouge. Th 
thing like an arm-rest being a broad bar of ateel turned up at the 
extremity for a short distance and sharpened. The patteirn j 
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feet, almost iJenlioal with the hook tool for iron. Figa. US and 
140 represent — the first, a broad ; the aecond, a soft-wood internal 
gouge, or hook tool, which, in the hands of those who turn much 
this materiftl, is extentuvely used to hollow out bosea and Buch 
like \7oik. Both these tools must be bo held as to lay the bevel 
(which is on the outside, almost flat against the surface of the 
Drh). They are difficult tools in the hands of the novice, from 
their tendency to draw deeper into cut, and thus either hitch and 
spoil the work, or else to be wrenched from the turner's hand. Aa 
broad is quickly ground away by frequent sharpening 
which destroys the hook, it ntay be modified as follows : —Fig. 147 



FIG. 14-5 




:>ws a squaie bai of metal A at the extremity of which 
U affixed a, loose plate shown sep^^atpty at C which is the 
vntter, and is giound at one or both ends to a bevel as in the 
', ordinary tool this plate is fixed by a screw the head of which ia 
. «ounteraunk, and lies in the slot of the cutter. Thus, the latter 
van be placed with the smallest amount of projection possible above 
the face of the bar, which is also ground off leTel at the requi- 
site angle, about 45° from the perpendicular, the iron is aub 
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neqnenttf Khurpencil tn about 3S°, which will give the same aogla 
with the aur&oe of the work when tn uae as a plane iron of the 
oaoal pilch. T)ie same effect, so far as the drawing in of the tool 
is oonoerr.ed, may be produced hj placiog within the urdinuy 
broad a piece of brass or hard wood of square or triangular section, 
as doltMt in Fig. US, the same being secured by a screw ; but aa 
the grinding lowers the cutting [lart, tliia block mnst be likewise 
reduced. Wilh a rectangular piece slightly relieved oa the outside 
so as to allnw the piece almost to touch the edge at the top, but 
with more space below, as Fig. t4S, which is a section, a kind of 
plane may be ma'le which cannot possibly dig into the work, while 
the shavings will escape right and left at the louver part of the 
block of wood. Of course, a practised hand, such as a Tunbridgf 
turner, can manage without these additions, but the broad auc 




hook tools for aoR wood are aure to dig in if great care is nd 
taken. Another modilicatioa of planer for surfacing soft wood ii 
shown in Fig. 149, in which the iron ia arranged on the top uf the 
tool instead of the edge. This will not bitch in the work, and i 
very easy to make. When the gouge is used it must not be brought 
into a horizontal position with the hollow upwards, but laid with 
the bevel flat agaiust the surface, and the hollow side outwards. 
TiiB chisel must lie in a similar position, the lower angle chiefly 
coming into use, when the shaving wilt curl off in a cupped form. 
This use of the chisel is al^o difficult from the before-named reasons] 
and the gouge is not only safer, but will put almost as good a finish 
to the aui-fcce. Hollowed work, such as boxes, bowls, and similar 
articles, if of woft wood, require either the gouge or the hook tools, 
Fia: Hf> The hack poppit is not required, as the work is either 
held in a oup chuck or screwed direct to the mandrel, or affixed to 
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the taper Rcrew chuck If deaired, however, the back centre may 
ronght against the piece until the roughest parts of the cylin- 
drical aorface liave been reduced, &a the removal of these may piw- 
mbly even break the taper screw, and in any case is liable to loosen 
'ihe work upon it. The right-hand end may also be squared up 
arly hi the centie by the gouge applied as directed, the small piece 
inaiiiingbeiug removed after the back poppet has been withdrawn 
Sup^Hwe it is desired to turn & box, the usual method i» as follows : — 
^^Etke a piece of thoroughly dry stuff — willow, sycamore, birch, or, 
still better, pear-tree (which will answer excellciitly and is also a 
soft wood) — cut off a short piece, rather more than sufiicient, as you 
have to reckon upon the length of the taper screw and must allow 
for waste in sciuaring up the ends and cutting off the coFer and 




BO forth ; bore a hole in the centre of one end, and screw it to the 
chuck before-named, which is apeciaUy intended for this work } 
take care to cut it off truJy square, and do not make the hole too 
large, as it should at once run tolerably true and be firm upon the 
chuck. Having by the gouge and chisel made a cylinder, and 
turned the outer end smooth and true, the rest is to be turned 
round so as to lie parallel with the end of the wood, and the 
ixtremity ia to he hollowed out to a small depth for the cover. 
This can be done as described with the hook-tool orthegouge: the 
latter, however, is to be held as for surfacing {Fig. 150) and the 
cutting edge is generally placed beyond the centre, in which case the 
rest need not be turned round. A few trials will do more than any 
written description ; and if it ia remembered to keep the bevel at the 
back of the tool almost flat against the surface, no difficulty should be 
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wxptrlttuxd. A Biiull flat tml, or broail, or even m c»rpeiiter*s c 
wtllfiouh the work ; bulMDdpsj«r nuypossibljt be necesBuy. After 
the eov«r is Gniaheil to the depth reqnired, proceed to cut it off 
with a Roft-wixxl portiDg tool, taking csrt to l««ve enough thickness 
in the top of the cover. This toot is & very a&rrow chisel with two 
hevels and for soft wood is nclched at the point so as to he Jn 
piffect two saw teeth. Now hollow out the box, cut the recess for 
the cover, taking care to make it true and not the least conicnl ; (it 
(he cover lightly on, ami tiniith the eotside of both t'other; cut off 
the box, and your work is done. The mont probable fault will be 
a ooniciil neck or flange on which the cover is to rest, and the same 
or sioiilar &ult in the intenial form of the box. These faults are 
therefore to be chiefly guarded againsL After ihe work is done and 
finished as smoothly as possible, it may be either varnished or 
polished as directed in the chiipter on that subject. There is no 
ocCftHion to make an ordioary fljit cover and cylindrical box ; and it ■ 
ia well thus early to try the hand at designing something of a k 
elegant shape. Most of the boxes for ijceut bottles sold by druggial 



are made of pear-tree, and this wood will moreover take a i 
good sci'ew thread. Thid, however, being a procesR that cannot h 
ettempled until the use of the gouge and chisel and other tools tot 
plain work is acquired, will not be treated of in this place. 

Difficult as it ia to acquire the use of the hook tools or 
tools for soft wood, they execute their work so rapidly, compared' j 
with the gouge, that it ia well worth the turner's while to per- 
•evere in thia matter. The great aim must be to prevent the tool 
from drawing too deep into cut. The bevel should be laid first of 
k11 quite flat against the work, so as to prevent the edge from J 
cutting ; and then the tool should be tilted just sufficiently tol 
jemove a fine shaving. A modification of hook tool is s 
Bteel bevelled off at the end and rounded, through which a 
drilled diagonally. Fig. 151. This, so long as it lasts, is a tolerably 1 
good and safe tool, as it cannot cut much too deeply, and tl 
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edge is niich as can he applied to the aides &iid bottom of auy 
internal work. Soft wood turning is not much followed by the 
amateur, whose object is generally to produce specimens worthy of 
the drawing-room in the hard woods and ivory ; but as the present 
pajiern are rather uddiessed to those of engineering tendencies, who 
have to make models or patterns in deal or mahogany, and many 
of whom do not aspire to costly lathes and apparatus, the remarks 
on soft wood turning have been more extended than they would 
otherwise have been. As regards, moreover, the tise/ul, there is 
far more to be done in the soft woods than in those which are 
more expenaive ; and if the use of the soft wood tools is once 
acquired, there will be no difficult; in executing work in tba 
choicer raiiterials. 



TITRNING HARD WOODS, IVORY, AND BONE. 
The tools for this work are made upon a different principle, and 
int. although much depends upon the way ia 



which they are applied They are of all powible shapes, as will 
be aeen fiom the group, Figs. 152, 153, which repreaent but a 
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•inftU proportiDn of those wliich are nsoallj Bnp|>!ied. The best 
»*)f to obuin these, whch scarcely average a shilliog Mu;h, and the 
hftDdtM of which can be bought frotn a halfpeony upwaitla, 
according to material and finish, is to go to a regular tool ahop, 
And select from the drawei-s and trajs of euch took which will be 
|ire«ent«d to the view. Unless the wood is very hard indeed the 
gnnge will come into use to commence work ; but it most nnt take 
loe deep a cut, or the edge wilt most likely be cbijijieii and bioken. 
e of the hardest wood and irory, a point tool, or one with a 
rounded edge, not too broad will be found moat efficient Botli 
must be held horizunlally upon the rest, and the best plan ia to 
use them with ft slight circular movement, Fig. 154, as if 
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tools sliould 
height of its 



It was desired to acollop out the work. 

be brought to boar upon the material at the 
axis, and the rest ahould stand as close to the work 
possible, and be advanced as its diameter becomes reduced. 
When the work is sufficiently reduced to run evenly in the lathe 
a flat tool or one slightly rounded will level it ; and if any beading 
is required or other mouldings, these can be readily produced 
by one or more of the tools already delineated. Hard wood cannot 
easily be mounted upon the taper screw or the prong chuck. If it 
is merely to be turned ujion its cylindrical surface, the cross chuck 
cnn be need, two saw cuts being made for the pui-pose at one end. 
If it is to be hollowed out, a cup chuck of metal or wood must be 
used ; or if the piece of hard wooJ is too short or too valuable t-o i 
allow of the waste thns necessarily incurred, it should be glued ! 
upon the face of a piece of commoner wood which can be screwed 1 
to the taper screw chuck, or mounted in any other convenient ; 
manner. The tools used for hollowing out material of this descrip- 
tion are called side tools, and are represented among the set shows 



THE AMATKOR MECHANK'S WOEKSHOP 135 

Some are rovmded, Home pointed, ami some aqnare, so that littlo 
difficulty need be found in making a selection for any special pur- 
pose. Turning in hard wood ia easier than when the softer wood» 
are used, but necessarily requires more time. Moreover, it ia usual 
to expend a great deal of care in ornamenting such worka with 
the various chucks and apparatus designed for that purpose. 
Ivory and bone may be worked with the same tools as are used 
for the hard woods. These materials, especially the latter, are dis- 
agreeable to work, owing to the peculiar smell caused by cutting 
them ; but nothing can exceed the beauty of ivory when it has 
been carefully turned and polished. The specimens given in the 
large plate eagravinga in this work are to show what may be done 
ID this material by skill and practice coupled with the use of proper 
tools and lathe fittiogs. They show, so far as it can be done by 
an engraving, the peculiar beauties of such ornamentation, but at 
beet give only a faint idea of the appearance of the works them- 
selves. It is not the object of the present treatise to enter into 
details of these operations, which would require more space than 
can be afforded j and " The Lathe and its Uses," combined with 
l^ngleheart's " Elcoentric Turning," will supply most of the infor- 
mation upon this art which can be given by bouks. Practice only, 
coupled with artistic taste and facility in designing ornamental 
works, can make a proficient. Our present purpose is ratjier to 
give information in the simpler operations of the lathe, such 
OS are required by those to whcm this little work is specially 
addressed. Ivory may be purchased in the tusk, or in short 
pieces prepared for the lathe. It is always more or less costly ; 
the price varying from about 6s. to 8s. per pound, according 
to quality. Some of it is fossil ivory, which is harder and 
not so pleasant as the newer tusk. Bones require to be 
boiled in lime water, to free them from grease. The better 
plan is to obtain some from the dealer's, picking out the best 
specimens. After being turned, they can be finished with sand- 
paper and polished with whitening and water. By procuring hollow 
pieces of the ivory tusk a great saving in price ia effected, and 
pieces of various sizes can be obtained at very rca^oimble rates 
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■ «ifficiei»tly thick for many works. If solid pieces are taken and 

P h\ve to be hollowed out, it would incur great waete to cut away 

I- the internal portioue as duat or shavings ; and therefore it ia usual 

L to nse a side parting tool, which is in the form of a rectangalar 

B hook, with an edge at the end, and which will be recoguised in 

I ^ 154*. It will cut out a aotid core useful for other work. A 

^^^^^^ oomnion parting tool is Erst used, applied at the end of the piece, 
to cut a circular groove, which will allow one of the side parting 
tools with a narrow edge and short hook to enter and commence 
to undercut the centful block of ivory ; the next sized hook 
follows, and so on until the piece talh out. Sometimes a hole ia 
first bored in the centre of the piece, and the hook or aide tool 
entered there, which is rather more easy to manage, but ciita 
out a ring of the material instead of a solid block Some care is 
requiaite in thus usiug a thin parting tool which is wide in pro- 
portion to its thickness. The groove cut by it must not be too 
narrow, or it will cause the tool to Jamb and break. The end of 
such tool is always made thicker than the rest of the blade, to 
prevent this jambing ; but in a deep cut, like that just described, 
it IB better to move the tool a little from side to aide, still keeping 
its blade perpendicular, so aa to add a little to the width of groove 
which it would cut if held quite still. The smaller in diameter 
the piece to be turned ia, the more aeceaaity there is for attending 
to this direction. Before proceeding to apeak .of metal-turning, 
the following hints may be worth remembering as applicable to 
turning in general ; — Let the lathe itself be immovably fixed, 
and stand on a goad floor ; a stone pavement or a downstairs ?hop 
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is bettor than oue iiptaii's. Have a good Urge wiudow, and, if 
convenient, add a skylight over the lathe. Keep the rest as near 
as possible to the work. Learn to work the treadle without sway- 
ing the body to and fro, and keep the tool firmly upon the rest, 
Dot allowing the inequalities of the material to cause it to jump 
about. Do not cut too deeply, and keep tlie tools very keen. 

The turning of metal, though more tedious, is not more difficult 
than fhe preceding if the tools are rightly made and properly held. 
Attention has been called to this uece^sily by severdl men of 
scientific and mechanical attainments ; and Mr. Dodsworth Haydon, 
*n amateur, has summed up in a more compact form the several 
principles thus laid down. It is so important to attend to these 
priaciples that we shaU risk beiag tedious, and give a sketob of the 
method to be pursued in grinding and sharpening such tools. With 
respect to the pillage of Mr, Haydon's work, there is reason in 
the mind of the writer why he should do bo without fear of resulte, 
as Mr. Haydon wishes to make the mechanical world do these 
grinding^ and sharpenings rightly, if he can. To illustrate the 
matter, lot a point tool be taken, Fig, 165. A, E, and C give 
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three views of the same. The fii-at is taken frou' above, and 
represents the toj) or flat face of the tool ; B is a aide view ; C, 
the same tool in perspective. In the first, we have at the extremity 
a point, 3, and two edges, 1 and 3. In the second, we have oue 
side {2) viiiible, the point (3), and the point edge (3, 4). la the per- 
spective view we have, in addition, the bevd of ike side which 
faces OB, Now, the first process in order to obtain a good tool is 
to take care that the angle of the face 1, 3, 2, Fig. A, is suffi- 
ciently large. It should not be leas than 80° or DO", because it is 
■ctually impossible, if this angle is as small us 60", to produce at 
1, 2, fit edges for cutbiag iron, Suppose the angle of 90" is taken 
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M 4e BtanilAnl, thia mtiit l>e produced by giinding the sides, 2, in 
Fii^a. B and 0, not iieriieDdiculxrly tg the upper or lower &ce3 d 
the tool, but at au angle of 3° from the perjtendicuJar. To effect 
Ihiij a gunge. Fig. 156, is necessary, of which either side is 3' 
FlC 156 - 
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from the per{)eiidicuUr. A is merely cat out of sheet tin or cardi 
B is a cone of troo turned to h Bimilnr angle, and which is now, 
we believe, obtainable at Buck's, in Newgate-street, at which firm 
Mr. Haydon left a pattern of such cone turned by himself. Tbis 
is a conTenieut gauge, as it can stand alone upon any ilat slab, tha 
lathe bed or slide reat plate, or even «iKin a slate. It is noi tha 
point 3, 4, Fig. B, which is to be thus gauged, but the side fieurf 
itsfdf, Fig. 155, C. After the two side bevels are thus ground 
until the flat face. Fig. 155, A, is of the form ahown with a. point 
at 3, there will be, as a matter of course, a bevel at the point 3, i, 
Fig. B, which Level is an edge formed by the grinding of the two 
lide bevels as directed. The top or flat face is now to be ground 
back until a side view of such tool is like Fig. 157, the anglt 
ABC being 45". If the angle 1, 3, 2, Pig. 155, A, was 
90°, as directed, there will be two cutting edges formed of 
angle of 60°, fit for iron. When tools are intended to bs 
rigidly fixed in a given positiou, as when a slide rest is used, 
the above must be carried out to make good work ; aact 




in the case of such a tool as the above, supposed to be 
held horizontally, one of the two cutting edges should tnt- 
Terse the work while lying almost flat upon it. Thus the tool, 
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Fig. 158, moving in thp direction of the arrow, should have tho 
edge B B traversing the line A B. The first part of the double 
edgB will thus cut the shaving in one direction, while the second, B, 
will detach it from the cylinder, learing ia its path a perfectly 
finiahed surface. The tool for general work by the hands only is 
the graver, Fig. 159, the lace of which is lozunge-ahaped. It ia a 



square or rather rectangular bar, ground off cornerwiae at an 
angle of 45°, which gives cutting edges of 60". This tool is held 
in different ways, but generally with the lozenge face downwards, 
«r resting almost fiat against the work which it haa to cut It 
"will lake oif a good clean shaving in this way, Sometimes it is 
leld witti the lozenge upwards, but only for light outs. Upon the 
whole, for outside work, no tool can beat it. Gravers are of all 
sizes ; but in this aud other tools strength ia of less consequence 
if the forms and angles are right, and the cutting edge ia held so 
as to make the smallest angle possible with the work. The clearage 
of 3° alluded to, is the angle which most tools should make with the 
work, and should not be exceeded. It will be noticed that the final 
edges are the result of grindiug the top face of the tool at a given 
angle with the bevel of the point, 3, i, Fig B, which bevel is 
itself the accident of the giinding tho side bevels to meet at 
the point of the tool ; but the final result depends also upon the 
angle 1, 3, 2, Fig. A. As this angle may vary within certain, 
limits, and not all toob requite cutting edges of GO" it is evidently 
necessary in practice to have some sort of Table which will give 
the final results of using certain angles at the point 1, 3, 2, Fig A 
eombined with certain angles ABC, Fig. 157, the sides being 
supposed to be always ground by gauge to 3°. Such Table, com- 
piled from numerous sources, and modified to make the work easier 
in practice, is given from Mr. Haydon's papers. To under- 
stand it we must give a name to the angles specified. The Grat 
1, 3, 2, the original angle of the tool, is called its plan angle. The 
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final angli% Fig. 450, A B C, is called the tetiort angle, 
ftugla of the cutting edgm is simplf called hy that naioe. 
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It might be Biipiwsed tliat to cut irou great power ■would be 
necessary, and with badly made taols it is the case. Hence the 
old plan of long haitdlea to pass under the workman's arm, with a 
CfOBs handle neaier to the cutting part of the tool. Hence, aW, 
sitting on the tool to keep it up to cut, which the writer has 
himself seen. But with tools of proper form the strain is slight 
and the fingers, not the arms, oopie into use, although ia heavy 
work the latter have to bear a fair share of the labour. In metal- 
turning generally the tools are held down upon a rest with a flat 
top — tolerably wide (half an inch to an inch). WJiether they are 
to be held horizontally or otherwise depends, of course, upon their 
shape. The heel or hook tools cannot, of course, be so held ; the 
the gra er may or may not be, the handle being generally held 
downward more or less. Brass-turning tools allow of TariouH 
directions also, so that we can but refer the reader to the principle, 
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above stated, of letting the angle which the tool makcB with tli» 
■wiirk be as amiill aa possible (not over 3°), and taking care to grin^ 
the tool in other respects to suit the work. Jt is best to begin ui 




the right-hand end of a cylinder, and as soon as possible to get the 
tool into cut below the outer-hand surface. This anyle of 3', it 
maet be auderstoodfis not anecessity of the cutting edges, but iri 




neeessaiy to prevent the fixed tools from rnbbing against the work. 
Thus, in Fig. 160, which is a. planing or turning tool, the angle 
A B C, is this angle of relief, as it is called ; and it is evident that 
it is not necessarily made by grinding the front of the tool, because 
the latter can be so dxed that instead of lying horizontally it can 
be caused to make such angle by iti position. The graver, or any 
?iand tool, can be Jield at the required angle so as not to rub against 
the work ; but whenever the tool is to be fixed horizontally as it 
is in the slide rest, the angle of 3° must be preserved by grinding. 
The prtTicip'e being understood, there is no practical difficulty in 
making any tool for any work, whether for inside or outside turning. 
It is easy to hend the iron right or left, Tip or down, to suit the 
work. The usual band tools for iron are such as those represented 
in Fig. 157, but bent to suit special work, and often rounded at 
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tlie poinL For Imas tbo edgra miut be at greater angles (80* to 
90*), ■■! letter tuigW dig in. The graver, DeverUieleM, can be osed 
for bnm or gun meUl, and will, with care, answer fairly. It is 
bol(«r, huwevur, to uae snch tools as Figs. ICl and 162, which 
have lectuiigiilar, or almost rectangular etlgee. The heel tools, 
Fig. 1 G3, give a great amount of leverage in favoar of the turner. 
Tliejr are hold as eLuwd, and are of great uae. 




i 



There ia a great difference in the way in which iron, cast ov 
wrougiit, is worked in the lathe by turners — (generally speaking, 
this ojieratiou is very Imdly done, even with the help of the idide 
rest. The toob are clumsy, imHcieiiti6cally made, and wrongly 
applied, and all imperfections are aubaequently remedied by the 
61e. If tooh are rightly ground as directed, and water is used aa 
a lubricant, not only should long eLavings be cut off with little 
exertion, but the sui'face thus produced should be smooth and 
polished and require no subseijuent application of the file. When, 
however, any length of exact surface is needed, it ia almost 
impossible by hand alone to produce it, and a slide rest becomes 
necessary. Fig. 164. This addition to the lathe is made in 
various ways ; but the principle is merely two slides working at 
right angles to each other, the upper one holding the tool. One 
slide being moved by a screw causes the tool to traverse the work 
lengthwise, the other causes it to advance or recede. Thus, if the 
tool is clamped in a proper position and is well made, the greatest 
accuracy is insured, and all that the turner has to do ia to turn a 
Bmoll winch attached to the end of the traverse or leading screws. 
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It sometimes happens that the work is to be turned tapering, and 
then a third movement is required, and the main slide is made to 
work round a oeiitnil pivot On the whole, the writer approves 
of a very compact slide vest used on board ship for ixipaira of 
steam machinery, as the third movement ie provided for by the 
whole machine being inserted in the socket of the ordinary rest. 
A sketcli, therefore, is subjoined. The main figure i-epresenta the 




whole in position. By the handle e, the lower si 1 
and fro; by that marked/ the top slide advances o eoedea, the 
tool holder (of which the best is Willis's) being attached to this 
upper slide. The latter, however, may have a socket like that of 
an ordinaty rest to take the tool holder g, which allows of even 
greater variety of adjustment than Willis's. The other figures are 
added to show the details, in case the amateur should wish to try 
ftnd make a slide rest. If he should so desire, no other pattern is 
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so simple aa this, in which his only dilEctilty will he fitting the V- 
edges of tlie slides. They should be tested by a. gauge of tin as the 
work proceeds ; and with care and pains, fairly satisfactory work 
may ba made. Iron caatinga are cheap, and the patiems will not be 
difficult to construct if the e&rly chapters of our little book hare 
lietn cftrefuliy read. The lower part is merely a rectangular 
plate of cast iron, which may be dip. long by Tin. wide 
(more or less according to proposed uses), with a tang below 
to fit the rent socket; the tang must be turned, and the top 
of the jilate planed, or otherwise rendered quite true and 
It is cost with a recess to receive the screw and nut, which latter 
is attached to the uoder part of the top slide. Two slips, B B, 
are screwed down to the surface of this plate, bevelled underneath : 
one is permanently fised, and may be cast on the lower plate, but 
it is Diore convenient to shape correctly if made as a separate piece ; 
the other slip is drilled with holes, which are afterwards filed 
BO as to render them oval, and then this piece can be adjusted a 
little so as to be placed nearer to or further from the other ; and 
to aid in this two holes are drilled and tapped in the side of the 
lower plate, into which screws (X X, Fig. 164) are fitted, with 
large heads, which bear against the slip or guide-strip, and keep it 
up to its proper place. /( w ahaohitely eat'Titial that these slips 
should be po/rallr.l to each oilier, and the upper plate, made as 
shown, must slide smoothly and evenly between tiiem. The 
slightest irregularity in this renders the rest useless. C is the 
next piece, also of cast-iron, and is recessed for the second screw 
and to lighten the parts, leaving oaly two rectangular narrow 
placoa requiring to be planed to receive another pair of bevelled 
slips, smaller than the last in every reapect. The top plate is 
bevelled to fit between these bars, and contains on the upper 
surface either such a tool-holder as shown, or one of any pattern 
preferred to it. The only other addition requisite is the screw, 
which is seen at D, with the nut upon it, which nut is acrev^ed 
into the under side of the top plate. This screw cannot advance 
or recede, owing to its flange near the head, which fits into a recess 
under the small plate B, in which it is shown in position. This 
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rvvolvM, tlw tool ii slid along upon the reat at & rate proportioned 
to the Bpec'i of the [liece and the pitch of the teeth, a apiraJ or 
Krew will lie cut. When it ia considered, however, that the rate 
of uiotion of the tool muat be uniform and alwaja in a given ratio 
to the speed of the revolving cylinder, it will appear not only 




di^tyiA, but next to impossible to fulfil the requisite condition^ 
Nevertheless it may be done, and, by practice, is done, every day, 
with very good results, and very fine-threaded screws can be that 
made. A lii.tle attention to the folluwing directions may assist 
but practice is the essentia!, because all depends upon the acquir 
knack. If the toolis held ua Fig. 168, with the front of the teetft 
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pressed Rgainat the work, these, heing shmting, will tend, aa soon 
as they iadeot the piece, to move along it, which, as soon as tliej 
seem to do, the cutting poiuta must be lowei'ed into action. Some 
Bay, begin by giviug a twist to a single poiut tool, so as tn cut a 
spiral, some part of which ia aiire to be of the required pitch, iuto 
which the teeth of the screw-chasing tool will catch, when it will 
begin to work. This seema a clumsy method, and in no wny 
satisfactory, and it is belter to take the right tool at once and make 
the attempt. If it is for a screw to a box, or similar work, leave 
the part too large, and then, if the tool goes right at first, you can 
cut down the threads a little, leaving enough of them to resume the 
action upon, and thus work safely ; and, if the fii-st cut is a failure, 
you can turn down to a smooth surface and try again. In this 
case there is a shoulder, and the tool has to be inatuntaneously 
removed when it touches it, or it will cross and cut to pieces the 
thread already mode. The top of the rest, if indented, must be 
filed smooth and even, and it is a good plan to rub a little oil upon 
it to facilitate the traverse of the tool. 

Metals may be thus screwed as well as wood ; but of the latter 
it is necessary to use such as have a close, hard grain. Box will 
take excellent threads, but soft wood cannot be thus cit. and the 
only way ia to use a V-tool of single poiut, which ia vastly more 
dil£cillt to manage. 

The slide rest is beautifully adapted for cutting screws in metal, 
and there are various plans of effecting this. The si mplest plan is 
to attach a pulley to the end of the leading screw, and carry a cord 
from thence to the overhead apparatus. If this pulley is propor- 
tioned rightly to that of the mandrel, a screw, or Elizabethan twist. 
Can be readily turned in this way. Tools can be bought to fit iuto 
a holder for attachment to the holder of the slide rest, suitable for 
Wood-turning. Short bits of steel tube, cut off sloping and 
sharpened, serve as gouges for soft wood ; but short chisels and 
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Other apparatus is often added, auoh as small cuttera, like niiuiature 
Ba.wB for cutting teeth of wheels. These are used in a, holder Ilka 
Fig. IGG. 
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PleaB). FirHt American from the Ninth English Edition, as published 
by the Manchester Reciprocity Association. In one volume, lUtoo. 
I^per,75 ots. Cloth 11.26 

BTBN.—The Complete Practical Brewer : 

Or Plain, Accurate and Thorough Instructions in the Art of Brewing 
Beer, Ale, Porter including; the Process of making Bavarian Beer, 
all the Small Beers 'Ucli as Root-beer, Ginger-pop, Sarsaporilla- 
beer. Mead, Spruce Beer etc etc. Adapted to the use of Public 
Brewers and Pnvnte Familit- By M. I-A Fayrtte IIyrn, M. D. 
With illustrations I2m > $1.25 
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BTBI7.— The Complete Fraotioal Distiller : 

Coiiipiiiiiiij; the nioiit jivrfvcl and eiact The<ireticftl and PracticsJ De- 
■uriiitiun vl'lhe Art ufltisl illation suil Recti£csliun : including all of 
Ifai mut recent tinpn)vemeTit« in diatiUiag apparatui; iiiBtrODtioaa 
tor pnpBring spirits from the UDHieroiis v^tobles, fruits, etn. ; diiae- 
ttims (or the distillatiou snJ preparation of all kindH of l^roodiea and 
othci aplriUi spirituous and other cumpoundB. clc., etc. liy U. L* 
FATKTrB Dyiik, U. I>. Eighth Edition. Tu whieli arc added, Prac- 
lical Dircciioiu for Dinilliug, from tlie French of Th. Fling, Brewer 
and OJetiller. ISoio {1.50 

BTBNE.— Handbook for the Artiaan, Mechanic, and 
Engineer : 

Comprising the Grinding and Sharpening of Cutting Tooln, Abrasve 
Proceues, Xapidajy Work, G«di and Glass Engrnring, Vamishing 
and Lackering, AppanitUB, Slateriala and Proceues for Grinding and 
Foliahing, etc. % Ot-IVUB ISYBNE. Illastrat«d by IBS wood en- 
gravinga. In one volume, Hvo $5.00 

BYBITB.— Pocket Book for Bailroad and Civil Engl, 
neera: 

ContKiaiiig New, Exact, and Conoige Methods for Laying out Rail- 
road Curves, Switches, Frog Angles, and CrasBingsi the Staking 
out of work; Leyelling; the Calculation of Cuttings; I^bankments; 
Earth-work, etc. By Ouveb Bybhe. ISmo., full bound, pocket- 
book form $1.7fi 

BTBITB.— The Fraoticsl Model Calculator: 

For the Engineer, Meohonic, Manufscfurer of Engine Work, Naval 
Architect, Miner, and Millwright. Jij- Oliver Bvune. 1 volume, 
8to., nearly 600 pages $4.50 

BTBlfE.— The Praotioal Metal-Worker's Assistant: 

Comprising Metallurgic Chemistry ; the Arts of Working all Metola 
and Alloys ; Forging of Iron and Steel ; Hanlening and Tempering ; 
Melting and Mixing; Casting and Founding; Works in Sheet Uetal] 
The ProcesHCB Dependent on the Ductility of the Metals ; Soldering; 
and the most Improved Processes and Tools employed by Metal' 
Workers. With the Application of the Art of Electro-Met^um- to 
Hanuflicturing Processes; collected from Original Sources, and&om 
the Works of Holtoipffel, Bergeron, Leupolil, Plumier, Napier, 
ScolRrn, t:lay, FairbHirn and others. By Owveh Bvbnii. A new, 
revised, and improved edition, to which is added An Appendix, con- 
taining Tub Manufactubb of Et'BsiAN Sheet-Iron. By Johh 
Percy, M. D., F.R.8, The MANtTKAcruKB of Malleablb Iron 
Castings, and Impkovkments in Bessemer Steel. By A. A. 

Fesquet, Chemifit and Engineer. With over UOO Engravings, illus- 
trating every Brunch of the Subject. 8vo $7.00 

Cabinet Maker's Album of Furniture : - 

le vol., oblong ^.00 



i 
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CALLINGHAM.— Sign Writing and GlasB EmbosB- 



CAMPIIf.— A Practical Treatise on Ueohanical Engi- 
neering : 
Comprisiug Metal lurpy, Moulding, Casting, Forging, TouIb, Work- 
shop Machinery, Meohanical Miuiiuulacion, Matiuliiiutiire ui Steam- 
engines, etc., etc. With an Appeivlix on tde Analysis of Iron and 
IroQ Ores. By FranCIh Campis, C. E. To which »re added, ObBeiv 
vatiuti9 on the ConsCrnctioD at SUauu BuilerB, and lleiuarlis upon 
Fnrnai^ea used for Smoke Prevention ; with a Chapter on EiplosionH. 
By R. Armstrong, C. E^ and John Boome, Rulea for CafculaUng 
the Change Wheels for Screwa on a Turning Lathe, and foe a Wheel- 
cutling Machine. By J. La Nicca. Management of Steel, Includ- 
ing Forging, Hanleauig, Tempering, Annealing, Shriulcing, and Ex- 
pansion. And theCaae-hardeningof Iron. By G. Ede. (t»o. Ulua-, 
trate<l with 29 plalea and 100 wood engravings . . . $6.00 

CAMPIH".— The Practice of Hand-Turning in Wood, 
Ivory, SbcU, etc. : 

With Instructions for Turning such works in Metal as may he r& 
quired in the Practice of Taming Wood, Ivory, etc. Also, an Appen- 
dix on Ornamental Turning. By Fbabcis CampiN ; with NumerouH 
Illiutrations. 12mo., cloth $3.00 

CAEET.— The WorkB of Henry C. Carey : 
FINANCIAL CRISES, their Causea and Effects. Svo. paper . 25 
HARMONY OF INTERESTS : Agrienltoral, Mannfootnring, and 

Commercial. 8vo,, nloth jl.60 

MANUAL OF SOCIAL SCIENCE. Condensed from Carey's " Prin- 
ciples of Social Science." By Kate McKeah. 1 vol. 12mo. $2.25 
MISCELLANEOUS WORKS: compriBinE" Harmony of Interests," 
"Money," "Letters to the President," "Financial CrisBs,""The 
Way to Outdo England Without Fighting Her," "Ren)nr«es of 
the Union," "The Puhlic Deht," " ContrantioQ or Eipanainn?" 
" Review of the Decade 1857-'e7," " Eeoonntmotion,'*^ etc., elo. 

Two vols., 8vo., cloth 810.00 

PAST, PRESENT, AND FUTURE. 8vo $3.60 

PRINCIPLES OF SOCIAL SCIENCE. 3 vols., 8vo., ololh «10.00 
THE SLAVE-TRADE, DOMESTIC AND FOREIGN ; Why it Ex- 
ists, and How it may be Extinguished (1BS3). 8vo., cloth . S2.00 
LETTERS ON INTERNATIONAL COPYRIGHT (1887) 50 

THE UNITY OF LAW : As Exhibited in the EelaHons of Physieal, 
Social, Mental and Moral Scionce (1872). In one volume, 8vo., 

pp. xxiii., 433 Cloth $3.50 

OHAPUAIf .— A Treatise on Bopemaking : 
As Practised in pHvat*" and pnhlie Rope vards, with a Description 
of the Manufacture Pules Tal le? of Weichts, etc., adapted to the 
Tradea, Shippmc Mining Hallways, Builders, etc. By BOSERT 
ChafMAN. 24mo $1.50 
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COLBUBN.— The Irfjoomotive Engine 

rEsHnuitin ,_ 

1 MUDU^- 



lurludin^u Dvwriplluii uf Its Slnivture, Rules fur Estinuiting its Cupa- 
''■"■' • "- ■liisil OlHiiirvatiiiiiB u» ila ConatruciioD and U - ■ -~ 



uifUt. ky ZfCRAit CoLUi'UK. llliu>trBl^. Anvweditiou. l::inu. H.-2o 

CBAIK. — The Practical American Hillwright and 
Miller. 
By l>Avm Chaik, Millwright. lllustraWil by numerous wood en- 
{(ruvinus, aud iwu lulUuig plaws. svu $5.W 

DS GRAFF.— The Geometrical Stair Builders' Guide : 
Bring II Plnin Pniclicul Syslem of Hund- Railing, enibrnciiig all ita 
neccBsary DbUuIs, luid (itunietrically Illustruled iiy 'Si Sieel Eugrav- 
ingH ; Uiii'lher wilJi llie utte of the most upproved priiiciplus of Prae- 
tii'al (.ipumctry. By BlMuK I)E (JRAFK, Architect. 4lo. $6.00 

DE KONINCK.-DIBTZ.— A Practical Manual of Che- 
mical Analysis and Assaying : 

Aa applied to the Mnoufactare of Iron from its Ores, and to Cast Iron, 
Wrouubt Irun, and tjleel, ru found in Commerce. Br L. L. Da EoM- 
lltci:, Dr. Sc., and E. Dietz, Euffiaeer. Edited withKotes.byBoBEBT 
UaLLET, F.E.S., F.8.G., M.I.C.E., etc. Americfto Edition, Edited 
with Notes sDdaDAppen<)ixonIn>DOres,by A.A. FBS<irET, Chemiat 
aud Engineer. One rolume, 12mo $2.50 

DtTNCABr.— Practical Surveyor's Guide: 

CunlaininK (he necessBrv int^rniRtian to make nny person, of conunon 
capitL'itr, a liiiishcd lund eurvoyur without (he aid of a, teacher. B7 
AkiiUEW DuscaS. Illustrated. !2mo,, cloth. . . . 11.25 

DUPIiAIS.— A Treatise on the Manufacture and Dis- 
tillation of Alcoholic Liquors: 

CompriHinKAeouraM and Complete Details in Regard to Alcohol from 
Wine, MolosseB, Beets, Grain, Kice, Potatoes, Sorghum, Asphodel, 
Fruity elc. I with the Distillation and Kef^tification of Bmndy, Wh!a- 
key, Ilutn, Gin. Swiss Absinthe, et«., the Prupuration of Aromatic Wa- 
ters, Volatile Oils or Essences, Sngan, Syru]>g, Aromatic Tinctures, 
Lioueum, Cordial WioeB, Effervescing Winea.elc, the Agi ng of Brandy 
and the Improvement of Spirits, with Coiiioiiti Directions and Tables 
for Testins and Reducing BpiritDons Liquor " ' • ■• 

—- ' Edited from the Freocli of MM, " 

IcKenstb,M.D. To which are a 
Revenue HegnlBtiona for the Aagessment and Colleelion of Tanea on 
Distilled Spirits. Illustrated by fourteen folding plates and several 
wood engravings. 743 pp., Svo $1U.0O 

DUSSAUCE.— A General Treatise on the Manufacture 
of Every Description of Soap : 

Comprining the Cbemiatry of the Art, with Bemarks on Alkalies, 8a- 
pouifiable Fatty Bodies, the apparatus necessary in a Soap Factory, 
», — "—'■--'— -'- — i in (be manufacture of the various kinds of Som, 



the assay of Boapa. etc., elc. Edited from Notes of Larmf, Fontenelle, 
Malapayra, Dufonr, aud others, with large and important additions by- 
Prof. H. DussAHCB, Chemist. lllUBtrated. Inonevol,,Svo. , $10.00 
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DUSSATJCE.— A General Treatise on the Manufacture 

01* Vinegar : 

Th.!..roti.^l and Priwlicial. Compriaing tlie vnrioUB Mi-thod«, liy the 
Slow auU ihe liuicki l^iHieases, wicli Alcuhol, Wine (J rain Malt, filler, , 
Molusxea, uiid Ueela; as wellaslhe Fubricafion uf Wood VinsgiU', etc., 
elc. By Prof. H. DussAUtE. In one volume, 8vo. . . (a.OO 
DUSSATJCE.— A New and Complete Treatise on the 
Arts of Tanning, Currying, and Leather Dressing: 

Comprising all the Discoveries and ImprovenienlB made in Franee, 
Great Britain, and the UniUfd States, Edited from Notes and Dopu- 
meiita of Messrs. Salleroii, Grouvelle, Duval, DesBables, Laharraque, 
Payen, Renf, De t'untenelle, Malapeyre. etc., etc. By Prof. II. Dus- 
EAUCE, Chemist, llluatrated by 212 wood engntvitigs. Svo. tSO.OO 

DUSSAtrCE.— A Practical Guide for the Perfumer :' 

Bein)- a New Treatise on Perfbmerv, the moat Bivorable to th« Beaatj 
without being iujurious to the Health, compHsiog a Description of the 
subauinues used lu Perfumerv, the Formulce of more than 1000 Prepa- 
rations, sui^li as Cosmetic". Perfumed Oils, Tooth Powders, Waters, 
Eitract*, Tinctures, Infusions, Spirits, Vinaigres, Essential CHU, Pas- 
tels, CreaiDB, Soaps, and many new Hygienic Products not hUberto, 
described. Mited from Notes and Docnmenta of Messrs. Debay, Ln- 
nel,cl«. \VithadditionsbyProf.H.I)USS-4UCE,Cliemist. 12(uo. tS.OO 

DUSSATJCE.— Praeticai Treatise on the Fabrication 
of Matches, Gun Cotton, and Fulminating Powders. 

By Prof. n. DL'SSACCE. 13mo 83.00 

Dyer and Color-maker's Companion: 

Containing upwards of 200 Receipts for makiug Colors, on the moat 
approved principles, for all the various ftjles and fabrics now in tivA- 
enee ; with the Scourini; Process, and plam Dircclioiis for Preparing, 
Washing-olF, and Pinishiiig Ibc Goods. In one vol., 12mo. . 51.26 

EASTOW.— A Practical Treatise on Street or Horse- 
power Bail ways. 

By Alexander Easton, C. E. Illustrated bv 23 plates. Bvo., 
eloti S2.00 

ELDEB.— Questions of the Day: 

Economic, and Social. By Dr. Wn.i.iAM Eldek. Svo. . S3.00 

FAIRBAIHN.— The Principles of Mechanism and Ma- 
chinery of Transmission: 

romprisini: the Principles of llechanism, Wheels, and Pulleys, 
Strength and Proportions of Shafts, CniiplinK of Shafts, and EngURing 
and Disensacing Cear. By Sir William FaibiiaIhn, C.E., LL.D., 
F.R.S., F.G.S. Beantiflillv illuslmtcd by over 150 wood-cuts. In 

one volume, 12mo. . , ' 82.50 

POESTTH,— Book of Designs for Headstones, Mural, 
and other Monuments : 

Containing 78 DeaiRiis. By Jameb FORSYTH. Wilh an IntrodBction 
by Chablbs BorTELL, M. A. *to., cloth $6.00 
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OIBSOIT.— The Amerioon Dyer: 

A PraeliMl Tr«rti« tin tlic Culuriiiic of Wool, Cnllon, Ybtu and 
Ciiilh, in tlirei; puru. Pan First gives a dewriptive accnant uf the 
I>je Stuft; if uf rejtrtabie ori^a, where produced, bow cultivaled, 






VVool, eiTing rtcipM fur one hundred and ti 

lea, and U*upplie~ 
Third is devoted to tliu Coloring of lUir Coiion or Cotton W&Me, for 



ir Bhadea, and i* aupolied with sixty oulored «amplBi of Wool. 



Caloiing lleaTen, Doetkins, and Flaonetn, with remarks upon Anj- 
linea, gifins reoipea for fifteen different union or ehades. and nine 
aampleaof Aniline Cnlora that will stand both the Fulling and Sconi^ 
ing pro«ea. Alio, recipea for Aniline Colors on Cotton Thread, and 
recipes for Common Color* on CoCMn Yams. Embracing in all over 
two hundred recipeE for Colors and Shades, and ninetj-'four aamplea 
.*,._,._ J ..-_ . ._j ^....^^ '"— le, etc. Bf BicBABD H. Gibsok, 



Prnetical Dyer and Che 



$12.50 



OILBABT.— History and Principles of Banking ; 
A Practical Treatise. By Jambs W, Gilbart, late Manager nf the 
London and Westminslfr Bank. With adilitinna. In one volume, 
Hvo., 600 pages, sheep . . . ' $5,00 

Gothic Album for Cabinet Hokers: 

Ci'inprising a Colleclion of Desijcns for Gothic Furniture. Illustrated 
hy '23 large and beuutil'ull; engraved plates. Oblong . . S3.00 

GBAI4'T.~ Beet-root Sugar and Cultivation of the 
Beet. 

By E. B. Grant. 12mo $1.25 

OBEGOBY.— Mathematics for Practical Hen : 

AdHple.1 to the Pursuits of SurveyorB, Arcliitwls Mechiinies, an.l 
Civil Engineers. By OLKSTHlta Gheguhy. 8v>., plates, elolli K.fKl 



neers; also theart of Lcvellinctrom Preli minor v Survey to the Coii- 
Btroction of Kailroads, intended Eipresslv for the Yonng Engineer, 
together with Nurneroua Valuable Kulea and Examples. By W. 
Griswolb. 12mo., (ucka $1.75 

GHUNEB.— Stuiiiea of Blast Furnace Phenomena. 

By M. L, GrUNER, President of the Crtreral Council of Mines of 
France, and lal«ly Professor of Metallurcv at the Eeole des Mines. 
Translated, with the Author's sanction, witli an Appendix, tiv L. n, B. 
OoidoD, P. R. B. E., F. G. S. llluatraled. Svo. . . .* !f2.50 
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GTJETTIEH.— Metallic AUoya; 

Being n, Practical Guido to their Chemieal and Phj-aical Properties, 
their Preparation, Com position, and Uses. Translated from the 
French of A. Gl-bttier, Engineer and Director nf Konndries, Bathor 
of " La Fouderie en France," etc., etc. By A. A. Fbsqitbt, Chemist 
and Engineer. In one volume, ISmo ^.(K> 

HARRIS.— One Superintendent's Pocket Compamon. 

Bt PTarbis & BiiOTKEK, Giis Meter Mnnufiu-Iurers, 111.'; and 1117 
Ciierrj Sttiiet, Philudelpliia. Full bound iu poukel-boois tbnn ¥2.00 

Hats and Felting; 

A Praetioal Treatise on their Jlanniaotnre. Bt a Practical Hatter. 
Illustrated by Drawings of Machinery, etc. 8vo. . . . S1-2S 

HOFUAHB'.— A FrootioBl Treatise on the Manufko* 
ture of Paper in all its Branohes. 

Ry Carl HofmASV. Lale Superintendent of paper mills in Gec- 
miiny and the United Slalea ; recently manajrer of tilt; Public Ledgerr 
Paper Mills, near Elkton, Md. lllnstntted bv 110 wood engravings, 
and five large folding plates. In one volume, 4to., cloth: 398 
pages flS.OO 



By Wm. Carter Uuohes 



Containing Formulie useful in Designing Rnilder's work, Table of 
Weighla, of Ihe niaterials naed in Bnilding, Memoranda cimnoeted 
with BiiUders' work. Mensuration, the Practice of Builders' Jleasure- 
ment, Contracls of Labor, Valuation of Property, Summary of the 
Practice in Dilapidation, etc., etc. By J. Ft HuEST, C.E. Second 
edition, pocket-book form, full bound $2.60 

JERVia.— Bailway Property : 

A Treatise on the Constructinn and Management of ItnOways; de- 
signed to afford useful knowled^w, in the popular style, to the noldera 
of this class of property ; as well aa Kailway Managers, Officers, kod 
AgpntF. Bv John B. Jervis, late Chief Kn^Hneer of the Hudson 
Hi ver Piailniad, Croton Aqueduct, etc. In one vol., i2mo., cloth, $2.00 



By J. F. W. JOIISSTOK. 



W HESBY CARET BAIRIVS CATALOGCE. 

EEBHE.— A Hand^Book of Practical Oangmg : 

For the I'xp of IWcinnpn, to which is added, A Chapter on I 



KEXiIjET.— Speeches, Addreaaea, and Iictters on In- 
dustrial and Fiaaucial Questions. 
Bt Hon. VTiLLiAH D. Kelle-v, M. C. In oii« volume, .>U pities 
8TO. $3.00 

KENTISH.— A Treatiae on a Box of Inatmmenta, 

And the Slide Rule ; vith the Theorr of TrigonDmetrr and Li^a- 
rilhnia, inelnilinE Practical Geometiy, fiurteyinjc, U»uuiing of Tiu- 
faer, Cask and Malt Ganging, Heights, and Distances. By TBOMAts 
Kentish. In one volame. ISmo $1.25 

KOBEi;ii.— EBNI.— Kinflralogy Simplified : 



the last Genaan Kdition uf F. VoN KoBEhl,. with an introductinn _. 
Klow-nipv Anul<r*is and other additions. By Henbi Er?>i, M. D., 
lulu < 'hief Chemist, Pepartmenl of Afnieulture, authur of " Coal Oil 
and Pelrulcum." In one roliime, 12mo $2.50 

IiAHTDBTN.— A Treatise on Steel : 
Comiirising iU Theory, Uetallnrgy, Properties, Practical Workiiig, 
and Vte. By U. H. C. LaBDBIK, Jr., Ilvil Engineer. Tranalated 
from the Freuch, with Notes, by A. A. FESQirrr, Chemist and Eagi- 
neer. With an Appendix on the Bessemer and the Martin Processes 
for Mooulkcturing Steel, from the Report ofAbism S. IleMitt, Cuited 
Slates CommiMioner to the UniTersuf Exposition, Paris, imT. In one 
volume, 12D10 «S.0O 

IiABElIT.— The Practical Brass and Iron Foimder'B 
Ouide: 
A Coneise Trentjue on Braaa Foanding, Moulding, the Metals and their 
Alloys, etc. : to which are added Iteceot ImproTements in the Man.B- 
faclure of Iron, Steel by the Bessemer Prooess, etc., etc. By Jakbs 
Larkik, late Coudnctur uf the Brass Puuiidry l>emirtiueiit iu Beany, 
NeuGc & Cu'a. Penn Works, Philadelphia. Fiftit cdiliou, rerised, 
with Extensive additions. In otie volume, 12mo. . . S2.S5 

IiEATITT.— Facta about Feat as an Article of Fuel : 
With Remarks upon its Origin aud Composition, the Localities in 
which it is f<mnd, the Methods of Preparation and Mannfactorti, and 
the various Uses to which it is applicable ; together with many other 
matters uf Practical and Scientific Interest To which is added a chap- 
ter on the rtilizBtion of Coal Dust with Peat for the Production of aii 
Excellent Fuel at Moderate Cost, specially adapted for Stenra Service. 
By T. H. LEAVirr, Third editiuii. 13mo. . , $1,75 
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LEROTJX, C— A Practical Treatise on the Mauufac- 
tuie of Worsteds and Carded Yaros : 

Comprising Ptn«tical Mn.'hniiii?9, with Riilefl ami Cnlcnlations appU*d 
to l^piniiiiig; Sorting, Cleitiiiug, and Suouring Wools ; tlie Eiigliiih 
and French methodii of Uombing, Dratriog, and Spimiiag Worsteds 
atid Manufacturing Carded Yarns. Tranalalirf from the Freueh of 
CUASLira Lbbol"S, Mechanical Engineer, and Superintendent of a 
Sijiniiiug Mill, by HOBATto PAlNK, M. D., and A. A. FBBtjUET, 
Cniemist and Engineer. IlliutFated by 13 lai^ Flatea. To which is 
added an Appendix, containing extracts from the Reports oF the Inter- 
nationBlJnry, and of the Artisans selected by the Committee appointed 
hy the Council of the Society of Arts, Loudou, on Woollen and Worsted 
Machinery and Fabrics, as eihibitBd in the Paris Universal Eipoai- 
tioo, 1867. 8vo., cloth *5.00 

IiESLIE (Misa).— Complete Cookery: 

Direeliona for Cookery iu its Various Brancbca. By MlS3 Leslie. 
60lh thousand. Thoroughly revised, witli the addition of New Re- 
ceipta. In one volume, 12mo., cloth 1^1.30 

IiESLIE (HIbb).— Ladies' House Book: 

A ^Manual of Domestic Economy. 20th revised edition. ISroo., cloth. 

LESLIE (Miss).— Two Hundred Beceipta in Frenoli 

Cookery. 
Cloth, 12mo. 

LIEBEB.— Assayer's Onide: 

Or, Practical Directions to Assayers, Miners, and Smelters, for the 
Teats anil Assays, hy Ileal and hy Wet Pm ,■ • r. , „ 



LOTH.— The Practical Stair Builder ; 

A Complele Treatise on the Art of Bnilding Stairs and Hand-Raila 
Designed for Cariienters, Buildeni, and Stair-Buililers. Illustrated 
with Thirty Original Plates. By C. Edward Loth, Professionul 



LOVE.— The Art of Dyeing, Cleaning, Scouring, aud 
riniahing, on the Most Approved English and 
French Methods: 

Being Practical Instructions in Dyeing Silks Woollens, and Coltom, 
Fealbers, Chips, Straw, et«. Scouring and Cleaniug Bed and Window 
Curtains, Carpets, Rugs, etc. French and English Cleaning, any 
Color or Fabric of Silk, Satin, or Damask. By Tbomas Loyb, a 
WorkJne Dyer and Scourer. Second American Edition, to which are 
added General Instructions for the Ueb of Aniline Colors. In oue 
volume, 8vo., a43 pages. 35.00 



MAIN and BROWN.— Quest ioiie on Subjeeta Con- 
nected witb the Uarine Steam-Engine : 

And Ki«mimitkinl'ii|..-r»: with Tllni'^ fur tlifir S..hition. Bj-ThomaS 
J.MAiS,Pr(if.worr,fMulhtfiimti08, Kr.valX«v.ilCoU«ge,aiidTHuMAB 
BriiWN, Chk-f Euginetr, li. N. llmo., duili. . . . »1.50 

HAm and BBOWH.— Thg Indicator and STuamo- 

With tlicir practical Appiications to the Steam- Engine. Bj ThouaS 
J. Maix, M. a. F. R., AsEiBluit Professor Koyal Savil Colle^, FuMb- 
mouch, and Thomas IIbow;^, Awkkt. Inst. C. E., Chief Eugmeer, B. 
X., Kttwhed to Ihu Royal Navul College. lUuatruted. From the 
Fourth I^milon Edition. Svo Ji.50 

M AT W and BBOWH.~The Marine Bteam-Engiae. 
Hy Thomas J. Mais. F. R. ; Assistant S. Mailiematienl Professor at 
tlie Kdval Naval Culivge, Portatuouth, and. Thomas Bbown, Xaaoe. 
Inst. C. E. Chief Engineer R. N. Altnched to the Royal Naval Col- 
lege. Anthoni of "Queationa connected with the Mannu Bteam-En- 
Rlne," and the " Indicatorand DjnainonietBr." With numcroOB DlliB- 
trations. !□ one volume, 8vo toJM 

MAETIN.— Screw-Cutting Tables, for the Use of Me- 
chanical Engineers : 

Shnvf friK tlic Projier ArronBcment of ^Vhepls for Cnlting the Threads 
of SiTKWs of auj r«|uiri,>!ri'itcli ; with a Tahle for JlnfcingthB ITni- 
versal Gaa-Pipe Thread and Taps. By W. A. Maktin, Engioeer. 
Bvo 60 

Mechanics' (Amateur) WorkBhop: 
A treatise contain! tie plain and concise directions for the maDipnla- 
tion of Wood and MetaJa, ineliiding Casting, F«rging, liraiing, Sol- 
dering, and Carpentry. By the author of the "Lathe and its Ubbs." 
Third edition. IHuatraled, 8vo $3.00 

MOLESWOBTH,— Pocket-Book of Useful FormnlBB 
and Memoranda for CivU and Mechanical Engi- 
neers, 

By GrTI.FOKW L. Molksti-ortit, Membrr of the Infltitntion of Civil 
Engineera, Chii-f Resident Engineer of the Ceylon Railway. Second 
American, from the Tenth London Edition. In one volume, full 
bound in pocliet-book form S2.00 

KAFIEB.— A System of Chemistry Applied to Dyeing. 

By Jamks Napier, F. C. S. A New and Thoronghly Revised Edi- 
tion. Completely brought up to the present stale of the Science, inoln- 
ding the Cnemiatr^ of Coal Tar Colors, by A. A. Fesqcet, C^emiat 
and Engineer, With an Appendix on Dye'ing and Calioo Printing,ag 
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NAFIEB.— Manual of Electro -Metallurgy : 

Includiua the Application of the Art lo Manufaoluriug Priwesses. By 
Jakes Napieh. Fourtli American, from the I'ourth London eiiitUiri, 
rBvisedaudealargeii. Ill ustrateU by euy ravings. l[ioiievol.,8¥0. SlJ.OO 

NASON.— Table of Beacttous for Qualitative Chemical 

Analysis. ' 

ByHENBvB. Nahon, Profeasor ofChemiBtrr in the Rensselaer Poh- 
teehiiio Institute, Troy, New Vork. liluBtrateil by Colors. . iiS 

NEWBERT.— Gleanings from Ornamental Art of 
every style : 
Drawn from Examples in the British, South Kensineton, Indian, 
Cryalal Palace, and other UaKeums, the ExhibitiDna of IHSl and 1862, 
and the best English and Foreigu works. In a series of one hundred 
exquisitely drawn Platea, ooDt^ning mauy hundred eiAmples. By 

Robert KEWRiiBY. 4to $1S.0<J 

mCHOIiSON,— A Manual of the Art of Bookbinding : 

Containing ftd! instniotions in the different Branches of Forwarding, 
Gilding, and FiniRhing. Also, the Art of Marbling Book-edges und 
Paper. By James B.Nicholson. Illustrated. I:imo., cloth. $2.25 

inCHOIiSOIir,— The Carpenter's Wew Guide: 

A Complete Book of Linea for Carpenters and Joiners. By Pbtbr 
NlDHOtSos. The whole carefolly and thoroughly revised by H. K. 
Davis, and containing numerous new and improved and original De- 
aigna for Roofs, Domes, etc. By SaMUEL Sloan, Architect. Illus- 
tnted by 80 plates. 4to *4.60 

ITORBIS.^A Hand-book for Iiooomotive Engineers 
and Machinists: 
Comprising the Proportions and Calcultttione for Constructing Loco- 
motives; Manner of Setting Valves; Tables of Squares, Cubes, Areas, 
etc., etc By 8liP«lMca NoBBls, Civil and Mechanical Engineer. 
New edition. lUustraled. 12rao., cloth 82.00 

BTSTROM,— On Technological Eduoation, and the 
Construction of Ships and Screw Propellers : 
For Novttl and Marine Engineers. By John W. Ntstkom, late Act- 
ing Chief Engineer, U. 9. N, Second edition, revised with additional 
matter. Illustrated by seven engravings. 12mo. . . $1.60 

O'NEILL.— A Dictionary of Dyeing and CaUco Print- 
ing: 
Containing a hrief account of all the Substances and Processes in use 
in the AM of Dyeing and Printing Textile Fabrics; with Practical 
Receipts and Scientific Information. By ChahLES ONeili., Ana- 
lytical Chemist ; Fellow of the Chemical SocietyofLondon; Member 
of the Lilerarv and Philosophical Society if Manchester ; Author of 
■' Chemistry oi Calico Printing and Ityeing." To which is added an 
F^aav on Coal Tar Colors and their applitaliou to Dyeing and Calico 
Printing. Bv A. A. FEStjUBT, Chemist and Engineer. With an Ap- 

gmdii on D'yeing and Calico Printing, as shown at the Universal 
iposition, Paris, 1867. In one volume, 8vo., 491 pages. . |6.00 
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OBTON,— Underground TreaaureB : 

lliiw and WluTi' [« rind Tlirrii. A Key fnr the Ready Determination 
of ttll ibv L'wfiil Mii.trah wilhiit l!ie Unilwi Stities. By James 
Obton, A. M. lUiulrutH). l2ino 11.50 

OSBOBN.— Americaa Mines and Mining: 

Theorctimliy ami Priictirnlly Coiiiidi'n.-d. I!y Truf. II. 8. OsiiORlI. 
llliulmbKl Ify uumeruus eugruvinga. avo. ^JI^ prepiirtUian.) 

OSBOKN.— The Metallurgy, of Iron and Steel : 

Theiireliml and Prnrlical in nil iw BranclieB ; witli special reference 
to Americsii Mnlpriuls and Prooesees. Fty II. 8. OaDOBN, I.L. D., 
Pmreraor of Mining and MctalturEy in Lnfnyette College. Hlmton, 
Pennsylvania. Illustrated bj Dumerous Isrge folding jilatea and 
Hood-eogtaTiugs. Hto. flS.OO 

OVEBMAH.— The Manufaotore of Steel: 
Cnntsining (he Practice and Principles of Workingaod MakingSteeL 
A Uandbuuk for lllackamiths and Workers in Sled siad Iron, Wagon 
Makera.DioSuikerB.Cutlera, and Mannlat-turers of Files and Hard- 
ware, of Steel and Iron, and for" Men of Soienoe uiid Art. By FRED- 
ERICK OVKKMAN, M-ning Engiuecrj Anther of the " Mannfactare of 
Ir<in,"cCu. Anew, enlarged, and reviled Edition. By A. A. FEStjrET, 
Chemist and t^gineer. . $1.S0 

OVEBUAN.— The Moulder and Founder'a Pocket 
Qaide : 

A Treatise on Moulding and Foandingin Greeii.sand, Dry-sand, Loam, 
and Cement; the Moulding' of tlachine Frames, Mill-^r, HoUo'tr- 
v>are, GrnamentB, Trinkels, Belts, and Statues; DeecriptiuD of Moulds 
tor Iron, Bronze, Brass, and other Metals ; Plaster of Paris, Snlplmr, 
Wax, and other articles oommonly used in CasdaK; the CoaJtraction 
of Melting Furnaces, the Melting and Fonnding of Metals ; the Com< 
position of Alioys and their Nature. With an Appendix coatainiiig 
Receipts for Alloys, Bronie, Varnishes and Colors for Castings' also. 
Tables on the Strength and other qualities of Ca&t Metals. By Fbbd- 
ERICK OVEEiUA!!, Mining Engineer, Author of " The Majiu&cture' 
of Iron." With 42 IllustrationB. 12mo jlJO 

Paints, Qilder, and Tamisher's Companion; 

Containing Butes and Kegnlations in everything relating to the Arts 
of Fainting, GiliUnii;, Varnishing, Gtass-Stainiag, Oraining, Marbling, 
Sign-Writing, Gilding on Olass, and Coach Painting and Vamiahmff; 
Testa for the Detection of Adnllerations in Oils, Colors, etc ; anda 
StatMuent of ihc Di-cases to which Painters are peculiarly liable, wiHi 
the Simplest and Beat Remedies. Sixteenth Edition. Revised witii 
an Appendix. Containing Colors and Coloring— Theocetieal and 
Practical. Cumprising deiwriptions of a great variety of Additional 
Pigments, their (Jualitics and Uses, to which arc added. Dryen, and 
Modes and Ojjerations of Painting, etc. Together «ilh CticTreiil'a 
Principles of HvtqoDy und Coutraft of Colors. 12mo., cloth. $1.50 
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PALLETT.— The Miller's, Millwright's, and Engineer's 

By HeshY PiU-LETT. Illustrated. In one volume, ICmo. J3.00 

PERCY,— The Manufacture of Russian Sheet-Iron. 

Bj; John Pebl-V, M.D., F.R.9., Lacturer^on MetaUurgy at Ihe Royal 



With Illi 



iOots. 



FEBErNS.— Gas and Ventilation. 

Practical Treatise ou Gaa and Ventilatiun. With Special Relation to 
IllnmiiiHting, Hettting, and Cooking by Oas. Iiirtutling Scientific 
Utips to Eiigincer-studEnts and others. With Illustrated UiagrnniB. 
Uy E. E. Peek INS. 12mo., cloth $1.25 



Containing a Series of Tables showins; the Weight of Slabs and Hies 
til produce Boiler Plates, and of the Weight of Piles and the Sizes of 
Bars to produce Sheet-iron; tlie Thiukneu of the Bar Gauge in 
decimalB ; the Weight per fool, and the Thickness on the Bar or Wire 
Oauge of the fractional parts of an inch ; the Weight per sheet, and 
the Thickness on the Wire Oauge of Sheet-iron of varipuB dimenaionB 
to sveigh 112 lbs, per bundle; and the conrersion of Short Weight 
inti> Long Weight, and I^ng Weight into Short. Estimated and col- 
lected by G. U. Pbbkiks and J. G, SrowB (3.50 

PHIIililPB and DAHLIHGT OH.— Records of Mining 
and Metallurgy ; 

Or Facts and Memoranda for the iiae of the Mine Aj?cnt and Smelter. 
By J. ABTnrR Phillips, Mining Engineer, Graduate of the Imperial 
School of Minea, Frajice, et«., and JOHN DARLINtJTON, Illustrated 
by numerous enBravings. In one yolume, 12mo. . . S2.l)U 

PBOTEAUX.— Practical Guide for the Manufocture 
of Paper and Boards. 

By A. PKOTEAtJX, Civil Engineer, and Graduate of the School of Arts 
aiid Manufocturea, and Director of Thiers' Paper Mill, Puy-de-DSme. 
With additions, by L. S. Lb Nobmand. Translated ftom the French, 
with Notes, by Hobatio Painb, A. B., M. D. To which is added a 
Chapter on tbe Mannfactnre of Paper from Wood in the United 
States, by Henry T. Bbown, of the "American Artisan." Illua- 
trafed by six plates, containing Drawings of Raw Materials, Machi- 
nery, Plans of Paper-MiUa, etc., etc. 8to i7.50 

REGHAULT.— metnente of Chemistry. 

By M. V. Regnawlt. Translated from the French by T, Poekkbt 
Hetton, M. D., and edited with Notes, by Jambh C. Booth, Melter 
and Refiner U. S. Mint, imd Wm. L. Fabbr, Metallargist and Mining 
Eni^neer. llliiBtraled by nearly TOO wood engravings. Comprising 
nearly 1500 pages. In two volumes, 6vo., clotli. . . . $7,50 
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B)r Uenby Reid. C. K. Tu which is sdcled a Translation of M. A. 
LipowlM'« Work, describing a New Method aiioiiteci in Utnuanv for 
Usuuib^niriDg that Cement, by W. F. Kbid. lltiutrainl by iilatft 
tuid wood en^rings. gvo SU.UU 



111 one volume, 8vo. U" pr(j.-r„ti..„.} 

BIFFAULT, VEEGNAUD, and TOUSSAINT.— A 
Practical Treatise on the Manufacture of Colors 
for Painting: 

Containing the l>eBt FonnnliB and the FrocesseB the Nevest and in 
most GenenJ Uae. By M II. ErFFACLT, Vbrunafd, and Todbsaint. 
ReriMsl and Edited by M. F. SlAtEPEVRB and Dr. Esui, W1NCKI.ER. 
TratidlnleU from the French by A. A. Fewjcet, Chemist and Engi- 
nvQT. Illustrnteit by Enjjraviugs. In one volume, 600 pages, Svo. 
(floidy^unel, 1874.) 

BOBIKSON.— Explosions of Steam Boilers: 

How they are Caustd, nnd hnw tlicy nmv be Prevented. By J. E. 
RoeiSflUK, Sleam KiiKiiieer. llliiio S1.2j 

EOPER.— A Catechism of High Pressure or Non- 
Condensing Steam-Engines : 

Including the Modelling, Con atrui' ling, Iliinning, nnd Management 
nl' yteaid Kngines and Sl«iin lluilera. Willi IllustrotionB. By 
SJTEPUBS UopEB, Engineer. Full bound luvka . . . $2.00 

BOSELEIJB.—Ofllvanoplastic Manipulations ; 
A Practical Gaide fir the Gold and Silver Electro-nlater and the 
GilvanoplaBtio Operator. Translated from the Freneh of Alfred 
BoesLElTB, Chemist, Professor of the Galranoplan^u Art, Mnnuiitctu- 
rer of Chemicals, Gold and Silver Electro-plater. Uy A. A. FESaUBT, 
Chemiat and Engineer. Illnstnited by over 127 Engravings on wood. 

8vo., 4a5 pages $6.00 

SS-T/iie Trrnliie-islhf fullest ai\d by Jot the bat oathiiiui^Kt eeer 

pnbtUlitd in thf UnUed Stattt. 

SCHINZ.— Besearohea on the Action of the Blast 
Furnace. 

By Charleh Schinz. Translated from the German with (he Bpecial 
permission of the Aaihor liy Wiluam II. Maw and iloaiTZ Mm,- ■ 
LER. With an Appendix written bv the Author expressly for this 
eilition. Illustrateil hy seven pla.tea; containing 2S figures. In one 
volume, 12mo S4.25 
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SHAW.— Civil Architecture: 

Bcius a Complete Thcoretiual and Practical Syatem of BaildiaK, oon- 
iainini; the I'midamuutal Principles of the Art. By Edward' Shaw, 
Architect. To which ia mlded a Treatleo oq Gothic Architectun-, etc. 
Bv Thomas W. Silloway and Geobge M. Habdino, Arohlteots. 
The whole illustrated br One Iluudrod and Two quartu pltUea finely 
engraved on copper. lUeveath Editiun. 4t<i., cloth. . 310.04) 

8HUNK.— A Practical Treatise on Railway Curres 
and Location, for Young Engineers. 

[ij- William F. Siivn-k, Civil Engineer. 12rao. . . ;*;J.(]0 

SLOAN.— American Houbgs; 

A varietT of Origitiat Uenigna for Itural Buildiugs. Illustrated by Cli 
cnlared Engraringa, with Descriptive References. By BAurEL Sloak, 
.irchilect, author of the " Model Arehilcct," etc., etc, Svo. JBJiO 

SMEATOH".— Builder's Pocket Companion: 

Containing the Eleruenls of Building, Surveying, and Arohitootura; 
with Practical Rules and Initrncliona connected with the Bobject. 
By A. C. Smeaton, Civil Engineer, etc. In one voliune, I2ino. $1,B0 

SMITH.— A Manual of Political Economy. 
Bv E. PfsiiiNK Smith. A new Editiiiu, to which is added a full 
Indfli. 13mn,, cloth $1.2S 

SMITH.- Parks and Pleasure Qrounds : 

Or Practical NoteH on Country Residences, Villas, Pulilie Parks, and 



SMITH.— The Dyer's Instructor : 

Comprising Practical Instructions in the Art of Dyeing Bilfc, Cotton, 
Wool, and Wiirated, and Woollen Goods: containing nearly 800 
Receipts. To which is added a Treatise on the Art of Padding: and 
the Printing of Silk Warps, Skeins, aud Handkerchietk, and the 
various Mordanls and Colors for the different styles of such work, 
By David Smith, Pattern Dyer. I2mo., cloth. . . . S3.00 

SMITH.— The Practical Dyer's Guide : 

Comprising Practical Inatructinua in the Dyeing of Shot Coboiirga, 
Silk Striped Orleans, Colored Oiicans from Ijiaek Warps Ditto from 
While Warps, Colored Cobonrgs from White Warps, Merinos, Yams, 
Woollen Cloths, etc. Containing nearlr 300 Receipts, to most of which 
a Dyed Pattern is annexed. Also, A Trealiae on the Art of Faddine. 
By Da«i» Smith. In one volume, 8vo. Price. . t26,W 

STEWART.- The American System. 

Speeches on the Tariff Question, and on Internal ImprovementB, princi- 

6 ally delivered in the House of Representatives of the United Slates. 
y .iNRBRW Stewart, late M. C. from Penn^yli-anfa. Witha PDrtrail, 
and a Biographical Sketch, In one volnme, gvo., 407 pu^es. $3.00 
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8TOES3.— Cabiaet-maker'a and Upholsterer's Com- 
panion: 

Compriain); the Rudiments and Principles nf CablDCt-roakinp and Ui>- 
h«M«i7, vi(h Fmmilisr Inatnurtioas, illasmud hy Examples for 
Utsinia" a ProSdcuej in the An of Diavin^, aa applii-able to Calii- 
net-worE ; the Proeemes of Veneering, Inlarmg. and Bahl-work ; the 
Art of Direine and Staining Wood. Bone, Tonoiw SheU, etc. Direc- 
lioaa Ibr Li^ering. JiLuanning, and Vurnishini;; to nmke French 
Polish ; to piTrpaie the Beit Uluei, Cements, and CamposidnnB, tLnd a 
number of Keeeipta particnlarlj (uefol for workmen gener^j. By 
J. Stokes, in one volume, 12nio. Witli IIluBtraliouB. . 41.25 

Strengtli and other Properties of Hetals: 

Reports ufEiperiments on theStren^ and other FropertiEa of Metals 
for Cnnnon. With n Dcaeription of the Machines for testine Metole, 
and of the <1aasificBtioD of Cannon in serrice. Bv Officers of the Ord- 
nance Department V.S. Anaf. B7 authority of the Secretary of War. 
flluatiul^ liy 25 lar^ Bteel plates. In one volume, 4to. . $10.00 

STTLLIVAM".— Protection to K ative Industry. 
Bv Sir EnwAHD Slllitan, Buronet, author of " Ten Chaptera on 

~ - ■■ - ■ ■■ .... $1.50 



Social Rcforn 






Tables Showing tho Weight of Bound, Square, and 
Plat Bar Iron, Steel, etc., 

liy Mi-ii»Tin.'mi>nt. Llflli 63 

TAYIiOB.— StatisticB of Coal: 

Including Itineral Bitunjiuoua Snbstani?^ employed in Arbl nnd 
MoouGtctDres ; with their Ueographicul, Geological, and Commercial 
Distribntiuti and Amount of Prodaction and Consumptiua on the 
American ContincnL With Incidental IStatiaticx of the Irou Manu- 
factnre. By R. C Taylok. Second edition, reviseil by S. S. Hal- 
lllustrated by five Maps and many wood i^ugmvings. " 



loth. 



$10.00 



TEMPLETON'.—The Practical Examinator on Steam 
and the Steacp-Engiue : 

With Instructive References relative thereto, amtnged for the Use of 
Engineers, Studenta, ajid othera. By W«. Tbmi'I.BToN, "^ 



tl.25 

THOMAS.— The Modern Practice of Photography, 

By R. W. Thomas, F.C.^, ."^vo., cloth 75 

THOMSON.— Freight Charges Calculator. 

Bji Andrew Tuomson, Frpight A^ent. 2-lmo, , , , $1.25 

TTTBIflNQ: Specimens of Fancy Turning Executed 
on the Hand or Foot Lathe : 

With Genmetrie, Oval, and Kecentrio Chucks, and Klliptical Cutting 
Frame. Ryan .4matnnr. Illnstrated by 30 eiquiaite Photojtraphs. 
ito *;).oo 
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Turner's (The) Companion : 

Containing InatructionB in Concentrie, Elliptic, and Eccentric Tum- 
iug : aJsci TuriouH Platea of ChuclfB, Tools, and InHlrunientH ; and Di- 
rections for uaing tlie Ecoenlrio Cutter, Drill, Vertical Cntter, and 
Circular lleet; witli Patterns anil lustructiona for worlfing tbum. A 
new edition in one volume, 12mo. $1.50 

TTBBIH.— BBUXiL.— A Praotioal Guide for Paddling 
Iron and Steel. 

By Ed. Urbis, Engineer of Aria and Manu&oturea. A Prize EbM}; 
read iiefore the Asaocialion of EaEineere, Graduate of the School of 
Mines, of Liege, Belgium, at the Jleetingof lSfi5-(i. To which is added 

A C'OMP.YEISON op TUB ItESISTINO PBOPKRTIES OF IRON ANII STEEL. 

Bj- A. Bkull. Tnin3late<l from the French by A. A. Febqcet, Che- 
mist and Eu^ineer. In one volume, Svo $1.(10 

VAIIiE,— Galvanized Iron Cornice -Worker's Manual: 

Containing luatructions in Laving out (lie Different Mitres, and Ma- 
king Patterns for all kinds of Plain and Circular Work. Also, Tables 
of Weights, Areas and Circumferences of Circles, and other Matter 
calculated to lienclit the Trade. By Charleb A. Vaile, Superin- 
tendent "Richmond Cornice Works)" Bicbmond, Indiana. Umatra- 
ted by 21 Plates. In one volume, 4to (5.00 

VILLE.— The School of Chemical Manures ; 

Or, Elementarv Principles in the Use of fertilizing Agents. From the 
Frenth of ^[. (jeokije Villi;, liv A. A. FiaijiiET, ctlemist and Eugi- 
nCL-r. With 1 1 lustrations. In una volume, 12 mo. . , $1.25 

VOGUES.— The Architect's and BuUder'a Pocket Com- 
panion and Price Book : 

Consisting of a Short but Corn prehe naive Epitome of Decimals, Duo- 
decimals Geometry and Mensuration; with Tables of U. S. Measures, 
Sizes, Weights, Strengths, el«,,of Iron, Wood, Stone, and VMitius 
other Materials, Qnantities of Materials in Given Siites, and Dimen- 
sions of Wood, Briclt, and Stone; and a full and eiimplete Bill of 
Pricea for Cariienter's Work ; also, Rules lor Computing and Valuing 
Brick and Brick Work, Stone Wort, Painting, Plasleringj etc. By 
Frank W. Vogues, Architect. IHuHtrated. I nil bound m pocket- 
book form $3.00 

Bound in cloth 1-50 

WAEIT.— The Sheet-Metal Worker's Instructor: 

For Zinc, Sheet-Iron, Copper, and Tio-Plate Workers, etc. Contain- 
ing a selection of Geometrical Prohlema; also. Practical and Simple 
Rules for describing the various Patterns required in the diiferant 
branches ofthe above Trades. By Rbi;ben H. Warn, Practical Tin- 
iJate Worker. To which is added on Appendix, containing Instrue- 
tJons for Boiler Malting, Mensuration of Snrfitoea and SolidB,BnIes for 
Calculating the Weigbla of different Figures of Iron and Steel, Tables 
of the Weights of Iron, Steel, etc. Illustrated by Sa Plates and S7 
Wood Engravings, fivo. fS.OO 
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WABK£E.— New Theorems, Tables, and Diagrams 
for the Computation of Earth- Work : 

Designi^d fur ili,. inc.if Knipiieem in Proliminirj-Qiid FiuiU Eatimstes. 
of StndenW iv EnifinpEriiig, anti of Contraclon and olher nan-profes- 
laDilkl Computen. Id Two Ptrta. with an Appendix. Put I.— A 
Practical Treatise ; Part II. — A Tbcorrticsl Treatise ; and the Appen- 
dix. ContainioB NoCea to Ihe Rnies aud EiaiuplesorPort 1.; Expl&- 
niitJons of the DoaKructioD of Scales, Tables, and Diagrams, and a 
Trealiie upoii Equivalent Square BaKS anil Equivalent Level Ileizhls. 
The whole illoBtraled by namcrons oripnal Engmvings, comprutng 
Explanatory Cuts for DeGiiitians and Pmbkma, SlereamelTia Scales 
and DiagrainH, and a Series of I ithociaphiu Drawings ftnim Models, 
showing all the Combinations of Solid Forms which occur in Rulroad 
Kicavaiions and EinhatiLcmerte. By Joan Warner, A. M., HiniDg 
and Mechanical Engineer. Stu $5.00 

WATSOH.—A Manual of the Hsnd-Lathe : 

CompriirinK Concise Directiona for working Metala of all kindSjiTory, 
Bone and Preclnus Woods; Dyeing, Coloring, and French Polishing; 
Inlaying by Veneers, and varions methods practised to produce Elalx^ 
rale vork with Dispatch, and at Small Expenu. By Esbbrt P. 
Watbon, late of " The Scientific American," Author of " The Modern 
Practice of American Machinista anil EnKineera." Illuatraled by 73 
Eugmcinga 9>1.5U 

WATSON.— The Modern Practice of American Ma^ 
oliinlata and Engineers : 

Including the CuiistrnelioQ, AppUuation and Use of Drills, Lathe 
Tools, Cutters for Boring Cj-lindeta and Hollow Work Generally, 
with the moat Economical Speed for the saijiB; the Iteaulla verified ty 
Actual Practice at the Lathe, the Vice, and on the Floor. Twether 
vrith Workshop Management, Eoouomy of Manufacture, the ateam- 
Engine, Boilers, Oeara, Belting, etc.. etc. By Eobert P. Watson, 
late of the "Scientific American." IIUi5trated by S6 F.ngravings. In 
one volume, 12mo S2.50 

WATSON.— The Theory and Practice of the Art of 
Wearing by Hand and Power : 
With Calculations and Tables for the use of those connected witli the 
Trade. Br JOHN Watson, Manufacturer and Practical Machine 
Maker, Illustrated by large Drawings of the best Power Looms. 
«vo $10.00 

WEATHESLY.— Treatise on the Art of Boiling Su- 
gar, Crystallizing, Lozenge -making, Comfits, Gum 
Goods. 

Vimo «2.00 

WEDDING.— The Metallurgy of Iron; 

Theoretically and Practically Considered. By Dr. Hermann Wbd- 
Disa, Professor of the Metallui^y of Iron at ihe Rnvitl Minin)i 
Academy, Berlin. Translated by JlTLlira Dtr Most, Bethlehem. Pa. 
lIlUHtraicd by 207 Engravings on Wood, and three Plates. In one 
vulume, Svo. (/» press.) 



HENRY CAREY BAIRD'S CATALOGUE. 23 

WILL.— Tables for Qualitative Chemical Analysis. 

By Professor IIsiNBiCH Will, of Giessen. Germany. Seventh edi- 
tion. Translated by Charles F. Himes. Ph. D., Professor of Natu- 
ral Science, Dickinson College, Carlisle, Pa. 

WILLIAMS.— On Heat and Steam : 

Embracing New Views of Vaporization, Condensation, and Explosions. 
By Charles Wye Williams, A. I. C. E. Illustrated. 8vo. $3.60 

WOHLEB.— A Hand-Book of Mineral Analysis. 

By F. Wohler, Professor of Chemistry in the University of Gottin- 

fen. Edited by Henry B. Nason, Professor of Chemistry in the 
Lensselaer Polytechnic Institute, Troy, New York. Illustrated. In 
one volume, 12mo $3 00 

WOBSSAM.— On Mechanical Saws: 

From the Transactions of the Society of Engineers, 1869. By S. W. 
Worssam, Jr. Illustrated by 18 large plates. 8vo. . . $5.00 
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